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THE  COMMISSION. 

A.  CAMPBELL. 

Arthur  S.  Hardt  )     Province  op  Ontario  :  Victoria  by   the  Grace   of 

Attorn^-General  pro  tempore      >  ^od  of  the  United  Kingdom  of  Great  Britain  and 

under  R.  S.  O.  cap.  13,  sec.  S.       j  Ireland,  Queen,  Defender  of  the  Faith,  etc.,  etc.,  etc. 

To  John  Charlton  of  the  village  of  Lynedoch,  in  the  county  of  Norfolk,  Robert  Bell  of  the 
city  of  Ottawa,  in  the  county  of  Carleton,  William  Coe  of  the  village  of  Madoc,  in  the 
county  of  Hastings,  and  William  Hamilton  Merritt  of  the  city  of  Toronto,  in  the  county 
of  York,  Esquires,  our  Commissioners  in  this  behalf,  Greeting  : 

Whereas  in  and  by  chapter  seventeen  of  the  Revised  Statutes  of  Ontario  it  is  enacted  that 
whenever  the  Lieutenant-Governor  in  Council  deems  it  expedient  to  cause  enquiry  to  be 
made  into  and  concerning  any  matter  connected  with  the  good  government  of  our  Province 
of  Ontario  or  the  conduct  of  any  part  of  the  public  business  thereof  or  the  administration 
of  justice  therein,  and  such  enquiry  is  not  regulated  by  any  special  law,  the  Lieutenant- 
Governor  may  by  the  Commission  in  the  case  confer  upon  the  Commissioners  or  persons  by 
whom  such  enquiry  is  to  be  conducted  the  power  of  summoning  before  them  any  party 
or  witnesses  and  of  requiring  them  to  give  evidence  on  oath  orally  or  in  writing  (or  on 
solemn  affirmation  if  they  be  parties  entitled  to  affirm  in  civil  matters)  and  to  produce  such 
documents  and  things  as  such  Commissioners  deem  requisite  to  the  full  investigation  of  the 
matters  in  which  they  are  appointed  to  examine,  and  that  the  Commissioners  shall  then 
have  the  same  power  to  enforce  the  attendance  of  such  witnesses  and  to  compel  them  to  give 
evidence  as  is  vested  in  any  court  of  law  in  civil  cases. 

And  whereas  it  has  appeared  expedient  to  the  Lieutenant-Governor  of  our  said  Province 
in  Council  that  a  Commission  under  the  g^reat  seal  of  our  said  Province  should  issue  for  the 
purpose  of  enquiring  into  and  reporting  upon  the  Mineral  Resources  of  our  said  Province 
and  the  Measures  for  their  Development. 

Now  KNOW  TE  that  we  having  and  reposing  full  trust  and  confidence  in  you  the  said  John 
Charlton,  you  the  said  Robert  Bell,  you  the  said  William  Coe,  and  you  the  said  William 
Hamilton  Merritt,  do  hereby  by  and  with  the  advice  of  our  Executive  Council  of  our  said 
Province  appoint  you  the  said  John  Charlton,  you  the  said  Robert  Bell,  you  the  said  William 
Coe  and  you  the  said  William  Hamilton  Merritt  our  Commissioners  in  this  behalf  to 
enquire  into  and  report  upon  the  Mineral  Resources  of  our  said  Province  and  the  Measures 
for  their  Development,  giving  to  you  our  said  Commissioners  full  power  and  authority  to 
summon  before  you  any  witness  or  witnesses  and  to  require  him  or  them  to  give  evidence  on 
oath  orally  or  in  writing  (or  on  solemn  affirmation  if  such  witness  or  witnesses  is  or  are 
I)artiee  entitled  to  affirm  in  civil  matters)  and  to  produce  to  you  our  said  Commissioners  such 
documents  and  things  as  you  may  deem  requisite  to  the  full  investigation  of  the  premises, 
together  with  all  and  every  other  power  and  authority  in  the  said  act  mentioned  and  author- 
ised to  be  by  us  conferred  on  any  Commissioner  appointed  by  authority  or  in  pursuance 
thereof.  And  we  do  require  you  our  said  Commissioners  forthwith  after  the  conclusion  of 
such  enquiry  to  make  full  report  to  our  said  Lieutenant-Governor  touching  the  matters  con- 
cerning which  the  said  enquiry  is  to  be  made,  together  with  a  return  of  all  or  any  of  the 
evidence  taken  by  you  our  said  Commissioners  respecting  the  same. 

To  HAVE,  HOLD  AND  ENJOT  the  Said  office  of  Commissioners  as  aforesaid  during  the  pleasure 
of  our  said  Lieutenant-Governor. 

And  we  do  appoint  you  the  said  John  Charlton  to  be  the  Chairman  of  our  said  Com- 
mission. 

And  we  declare  that  it  is  our  will  and  pleasure  that  Archibald  Blue  of  the  said  city  of 
Toronto,  Esquire,  shall  be  the  Secretary  of  our  said  Commission,  and  we  do  hereby  appoint 
him  Secretary  thereof  as  aforesaid. 

♦  (M.C.) 
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In  testimony  whereof  we  have  caiued  these  our  Letters  to  be  made  Patent,  and  the  Grei 
Seal  of  our  said  Province  of  Ontario  to  be  hereunto  affixed. 

Witness  the  Honorable  Sir  Alexander  Campbell,  Kni^^ht  Commander  of  our  most  dii 
tinguiahed  Order  of  St.  Michael  and  St.  George,  member  of  our  Privy  Council  for  Canadf 
etc.,  etc.,  etc.,  Lieutenant-Governor  of  our  Province  of  Ontario,  at  our  Government  Hous< 
in  our  city  of  Toronto,  in  our  said  Province,  this  sixteenth  day  of  May  in  the  year  of  on 
Lord  one  thousand  eight  hundred  and  eighty -eiflrht  and  in  the  fifty-first  year  of  our  Reign. 

6t  Command, 

(Signed)  ARTHUR  S.  HARDY,  SecreUry. 


THOMAS  GALT,  Administrator. 

Arthur  S.  Hardy  )     Province  op  Ontario  :    Victoria   by  the  Grace  c 

Attomev-General  pro  tempore     >         ^<^  ©^  ^^^  United  Kingdom  of  Great  Britain  an( 

under  K.  S.O.,  cap.  13,  sec.  3.       j  Lreland,  Queen,  Defender  of  the  Faith,  etc.,  etc.,  etc 

To  Archibald  Blue  of  the  city  of  Toronto,  Esquire,  Secretary  of  the  Commission  respectiuf 
the  Mineral  Resources  of  Ontario  and  their  Development,  Greeting : 

Whereas  \mder  the  provisions  of  chapter  seventeen  of  the  revised  Statutes  of  our  Province 
of  Ontario  we  did  by  our  certain  Letters  Patent  and  Commission  under  the  great  seal  of  ou: 
said  Province  bearing  date  the  sixteenth  day  of  May  in  the  year  of  our  Lord  one  thousan< 
eight  hundred  and  eighty-eight  appoint  John  Charlton  of  the  village  of  Lynedoch,  in  thi 
county  of  Norfolk,  Robert  Bell  of  the  city  of  Ottawa,  in  the  county  of  Carleton,  Willian 
Coe  of  the  village  of  Madoc,  in  the  county  of  Hasting^  and  William  Hamilton  Merritt  o 
the  city  of  Toronto,  in  the  county  of  York,  Esquires,  our  Commissioners  to  enquire  into  anc 
report  upon  the  Mineral  Resources  of  our  said  Province  of  Ontario  and  Measures  for  their 
Development. 

And  whereas  the  Administrator  of  our  said  Province  in  Council  deems  it  expedient  that 
you  the  said  Archibald  Blue  should  be  associated  with  the  said  Commissioners  in  the  said 
work. 

Now  THEREFORE  KNOW  YOU  that  we  having  and  reposing  full  trust  and  confidence  in  the 
loyalty,  ability,  integrity  and  discretion  of  you  the  said  Archibald  Blue  have  constituted  and 
appointed  and  by  these  presents  do  constitute  and  appoint  you  the  said  Archibald  Blue  tc 
be  a  Commissioner  for  the  purposes  in  our  said  Commission  contained  and  recited,  and  dc 
associate  you  the  said  Archibald  Blue  for  that  purpose  with  the  said*  John  Charlton,  Robert 
Bell,  William  Coe  and  William  Hamilton  Merritt,  hereby  fully  and  effectually  giving  and 
granting  unto  you  the  said  Archibald  Blue  all  and  every  the  like  powers  given  and  granted 
by  our  said  Commission  to  the  Conmiissioners  therein  named  and  to  all  intents  and  purposes 
as  if  the  said  powers  and  authorities  were  herein  and  hereby  particularly  mentioned  and  ex- 
pressed, and  as  if  you  -the  said  Archibald  Blue  had  been  appointed  by  said  original  Letters 
Patent  and  Commission. 

And  we  do  command  the  said  John  Charlton,  Robert  Bell,  William  Coe  and  William  Ham- 
ilton Merritt  to  receive  you  the  said  Archibald  Blue  as  their  said  associate. 

In  TESTIMONY  whereof  we  have  caused  these  our  Letters  to  be  made  Patent  and  the  great 
seal  of  our  said  Province  of  Ontario  to  be  hereunto  affixed. 

Witness  the  Honorable  Sir  Thomas  Gait,  Knight,  Chief  Justice  of  the  Common  Pleas 
Division  of  our  High  Court  of  Justice  for  Ontario,  etc.,  etc.,  etc..  Administrator  of  oui 
Province  of  Ontario,  at  our  Government  House,  in  our  city  of  Toronto,  in  our  said  Province, 
this  twenty-fifth  day  of  July  in  the  year  of  our  Lord  one  thousand  eight  kundred  and  eighty- 
eight  and  in  the  fifty-second  year  of  our  Reign. 

By  Command, 

(Signed)  R  S.  HARDY,  SecreUry. 


Report  of  the  Commission  upon 

THE  MINERAL  RESOURCES  OF  ONTARIO 

AND  Measures  for  their  Development. 


To  THE    Honorable   Sir  Alexander  Campbell,  K.G.M.6., 

Lieutenant-Governor  of  Ontario : 

The  Commissioners  appointed  to  enquire  into  and  report  upon  the  mineral 
resources  of   the  Province  and    measures  for  their  development    have  to  Scheme  of  the 

enquir}'. 

state  for  the  information  of  Your  Honor  that  at  their  first  meeting  held  in 
the  city  of  Toronto,  after  conferring  with  the  members  of  your  Qovemment 
on  the  nature  and  scope  of  their  duties  under  the  terms  of  the  Commission, 
the  following  scheme  or  plan  of  enquiry  was  agreed  to,  viz  : 

I.  The  geology  of  the  Province,  with  special  reference  to  its  economic 
minerals  :  assigned  to  Dr.  Bell. 

IL  Detailed  description  and  maps  of  the  working  mines  and  important 
undeveloped  mineral  occurrences  of  the  Province,  together  with  all  matters 
which  appertain  to  mining  eugineering  :  assigned  to  Mr.  Merritt. 

III.  Trade  in  mineral  products,  showing  exports  and  imports,  shipping 
facilities  for  ores,  building  stones,  etc.,  and  a  general  enquiry  into  the  causes  of 
depression  in  the  mining  industry  of  the  country  :  assigned  to  the  Chairman. 

IV.  Information  and  suggestions  on  the  subject  of  mining  laws  and  regu- 
lations, with  a  view  to  the  giving  of  greater  encouragement  to  our  mining 
industry  :  assigned  to  the  Secretary. 

y.  An  enquiry  into  the  best  means  of  promoting  the  metallurgical  industry^ 


xu. 
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with  special  reference   to   the  smelting  of  iron  and  other  ores  :  assigned 
the  Secretary. 

VI.  Other  measures  for  the  aid  and  encouragement  of  the  mining  ai 
metallurgical  industries,  embracing :  (1)  The  organisation  of  a  bureau 
mines  for  the  Province ;  (2)  the  founding  of  a  geological  and  mineralogic 
museum  ;  (3)  The  collection  and  publication  of  mining  statistics ;  (4)  Tec 
nical  instruction  in  its  relation  to  mining  and  metallurgy.  The  first  of  the 
subjects  was  assigned  to  Dr.  Bell,  the  second  to  Mr.  Merritt  and  the  thii 
and  fourth  to  the  Secretary. 

It  was  also  agreed  to  as  part  of  the  scheme  of  the  report  that  the  e^iden 
of  witnesses  should  be  arranged  as  far  as  practicable  under  the  foregoii 
heads,  so  that  each  subject  or  section  should  be  complete  in  itself  and  th; 
the  distinctive  features  of  the  evidence  of  each  witness  might  appear  in  the 
natural  and  appropriate  relation. 


Sessions  of  the  Commission  for  hearing  evidence  were  held  at  thirty-8ev< 
Sanionsofthe    places  in  the  Province,  from  Ottawa  in  the  east  to  Rat  Portage  in    tl 

OommiiBBion  for 

eriden^  west,  and  ore  hundred  and  sixty-four  witnesses  were  examined  under  oat 

comprising  among  their  number  explorers,  prospectors,  miners,  mine  ai 
quarry  owners,  mine  captains  and  superintendents,  mine  brokers,  minii 
engineers,  civil  engineers,  land  surveyors,  geologists,  assayers,  chemists,  meta 
lurgists,  scientists,  iron  founders,  brick  makers,  tile,  terra  cotta  and  pi] 
manufacturers,  iron  makers,  copper  and  nickel  smelters,  mechanics,  lawyer 
bankers,  merchants,  capitalists  and  speculators.  Mines,  mining  locations  ai 
works  in  the  vicinity  of  places  where  the  Commission  met  were  examined,  ai 
careful  enquiry  respecting  them  was  mada 

Several  other  important  districts  and  places  were  also  visited  by  membei 
of  the  Commission,  with  the  object  of  procuring  special  or  desirable  inform 
tion.  The  extensive  magnetic  iron  ore  range  in  the  region  west  of  Lac-d 
milles-lacs  and  the  Black  Bay  lead  region  on  lake  Superior  were  explored  b 
Dr.  Bell,  while  Mr,  Ooe,  Mr.  Merritt  and  the  Secretary  made  a  journey  i 
the  iron  ranges  in  northern  Minnesota,  near  the  Ontario  boundary.  M 
Merritt  also  visited  the  Michigan  School  of  Mines  at  Houghton.  The  Chai 
man  and  Secretary  in  the  latter  part  of  1888  visited  the  Columbia  Scho< 
of  Mines  in  New  York,  the  office  of  the  Geological  Survey  at  Washingtoi 


Special 
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and  furnaces  and  steel  works  at  Pittsburg,  Pa.,  at  Chattanooga,  Tenn.^ 
and  at  Birmingham,  Alabama.  Another  object  of  the  visit  to  Birmingham 
was  to  enquire  into  the  merits  and  witness  the  operation  of  the  Henderson 
process  for  eliminating  sulphur  and  phosphorus  from  iron  and  converting 
it  into  steel.  An  accident  to  the  machinery  prevented  their  observing 
this  process,  but  they  were  fortunate  in  arranging  for  a  careful  test  and 
report  upon  it  to  be  made  by  Mr.  Garlick  of  Cleveland,  Ohio,  a  metal- 
lurgist whose  experience  in  the  manufacture  of  iron  extends  over  a  period  of 
twenty-five  years.  His  report  appears  in  the  Appendix.  The  Secretary  also 
visited  during  the  summer  of  1889  the  laboratory  of  Mr.  Edison  at  Orange, 
N.  J.,  to  witness  the  operation  of  an  electrical  machine  invented  to  purify  and 
concentrate  magnetic  iron  ores,  the  Sheffield  Scientific  School  at  Yale  College, 
and  several 'iron  furnaces  and  mines  in  the  vicinity  of  Port  Henry  on  lake 
Champlain. 

The  data  of  the  report  are  original  and  historical.    The  Commission  has  not 
followed  in  the  footsteps  of  others,  but  has  pursued  the  course  marked  out  for  ?/¥5j]j*SfL 
itself,  and  it  professes  to  present  no  inference,  opinion  or  statement  of  fact 
which  is  not  warranted  by  the  evidence,  the  study  and  observation  of  its 
members,  or  the  testimony  of  the  highest  authorities. 

In  the  Section  devoted  to  the  geology  of  the  Province  a  systematic  account 
is  given  of  each  one  of  its  rock  formations.     This  part  of  the  report  could  not  Sketch  of  the 

gw)\ogy  of  the 

be  prepared  without  employing  geological  terms,  but  the  simplest  expressions  '°^*"<^*- 
have  been  used  and  a  glossary  of  many  terms  has  been  appended  in  order 
that  it  may  be  the  more  easily  read  by  persons  unfamiliar  with  geological 
science.  To  make  the  description  more  complete  and  intelligible,  it  has  been 
deemed  necessary  to  sketch  some  of  the  general  geological  features  of  North 
America  beyond  the  borders  of  Ontario  and  to  touch  upon  a  few  of  the 
leading  characters  in  connection  with  its  geology.  The  aim  throughout  has 
been  to  make  a  statement  of  facts  only,  disregarding  everything  of  a  purely 
theoretical  character.  This  Section  has  been  written  with  the  advantages  of 
a  full  knowledge  of  the  work  of  the  Canadian  Geological  Survey  from 
its  inception  up  to  the  present  time,  and  it  embodies  the  results  of  the 
latest  researches  not  only  of  members  of  that  service  but  of  various  other 
investigators.  In  its  preparation  advantage  has  also  been  taken  of  any 
new  or  hitherto  unpublished  information  known  to  the  writer. 
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The  reports  of  the  Geological  Survey  of  Canada,  although  of  much  value 
uroes  of  for  reference  as  to  details  in  the  various  Provinces,  are  too  numerous  and  too 

hon  are 

TMige,  voluminous  for  the  use  of  any  one  who  can  spare  only  time  to  acquire  a  general 
acquaintance  with  the  geology  of  his  own  Province.  Morecver  as  these 
reports  extend  back  through  a  period  of  nearly  half  a  century,  most  of  them 
are  inaccessible  to  the  public,  and  much  of  what  was  stated  in  the 
earlier  volumes  has  been  superseded,  modified  or  largely  supplemented  by 
more  recent  investigations.  The  limits  of  the  Province  having  been  recently 
extended  far  beyond  those  which  were  formerly  recognised,  any  previous 
account  of  its  geology  would  now  be  incomplete,  even  if  the  data  in  refer- 
ence to  the  added  territory  had  been  available.  But  no  pretence  is  made  to 
cover  the  field  in  this  work.  A  full  account  of  every  branch  of  the  subject 
or  of  any  locality  has  not  been  attempted  ;  that  would  occupy  several  volumes, 
and  the  aim  of  the  Commission  has  been  to  present  in  compact  form  infor- 
mation upon  all  matters  coming  within  the  scope  of  its  inquiry.  The  geo- 
logical Section  however  embraces  the  most  recent  and  the  best  established 
views  on  all  points,  and  gives  prominence  to  the  Archaean  rocks,  which  cover 
promin-  the  greater  part  of  Ontario  as  now  bounded,  and  which  are  important  from  the 

en  to 

Y^  occurrence  in  them  of  various  economic  minerals  in  the  Huronian  and  Upper 
Lauren tian  systems.  The  description  of  the  various  formations  of  the  Cam- 
brian, Silurian  and  Devonian  systems  is  briefer,  the  fullest  account  being 
reserved  for  those  which  are  richest  in  minerals.  Such  are  the  Animikie, 
yielding  silver  ore ;  the  Nipigon,  in  which  native  copper  occurs ;  the  Trenton, 
which  produces  petroleum  and  natural  gas ;  and  the  Onondaga,  which  holds 
the  beds  of  salt  and  gypsum. 

The  classification  of  rocks  which  has  been  followed  is  that  of  the  late  Sir 
William  Logan,  the  accomplished  founder  and  for  twenty-seven  years   the 

ftiion  of 

Qd  geoi-  director  of  the  Geological  Survey  of  Canada.  The  geology  of  the  mining 
listricte.  ^jg^j^^  ^  described  in  greater  detail  than  that  of  other  parts  of  the  Province, 
and  the  geological  relations  of  some  of  the  principal  mineral  products  are 
given  as  examples  to  illustrate  their  general  character  in  the  districts  referred 
to.  Additional  facts  on  these  subjects  are  mentioned  in  the  Section  on  mines, 
especially  on  the  occurrence  of  iron  ores  and  phosphate  of  lime  in  the  eastern 

of  new    part  of  the  Province,  and  much  new  information  available  for  these  purposes 
tion.        * 

has  been  collected  by  the  Commission  or  supplied  by  the  testimony  of  wit- 
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1168868.  A  supplementary  account  of  the  geology  of  the  Sudbury  district  and 
of  the  mining  operations  there,  brought  down  to  the  month  of  October,  1889, 
is  given  in  the  Appendix. 

A  practical  business  basis  has  now  been  reached  in  the  development  of  a 
number  of  our  minerals,  as  for  example  in  the  production  of  salt,  petroleum,  Mininsr  opera- 

Uozis  on  a  busi- 

phosphate,  mica,  cement,  gypsum  and  building  stones,  and  in  the  manufacture  ^i^^ow 

progTMS. 

of  brick,  terra  cotta,  tile  and  sewer  pipe.  The  silver  and  copper  and  nickel 
mines  are  also  being  worked  with  much  skill  and  energy^  and  at  the  few  locei- 
tions  where  deep  shafts  have  been  sunk  and  galleries  have  been  driven  the 
existence  of  large  ore  bodies  has  been  demonstrated.  Iron  mining  has  been 
intermittent  hitherto,  but  its  operations  will  doubtless  assume  a  permanent 
place  as  a  source  of  one  of  our  largest  mineral  products  when  we  shall  have 
the  steady  demand  of  a  home  market  to  provide  for,  besides  such  foreign 
markets  as  we  may  be  able  to  secure.  It  may  also  be  confidently  hoped  that 
gold  mining  will  become  one  of  the  established  industries  of  the  country, 
•especially  if  attention  be  given  to  our  refractory  ores  and  should  the  economic 
treatment  of  them  be  satisfactorily  solved. 

The  cost  of  mining  machinery,  much  of  which  is  not  yet  made  in  Canada, 
is  a  matter  of  common  complaint  with  mine  owners,   as  is  also   the  high  some  loesee  of 

adTanUge  speci- 

freight  charges  on  machinery,  supplies  and  ore ;  but  these  are  losses  of  advan-  ^^- 

tage  which  the  enlightened  good  sense  and  liberality  of  our  Governments 

and  our  railway  companies  may  be  expected  to  overcome.     In  no  other  way 

oan  a  country  add  more  directly  to  its  wealth  than  by  raising  and  utilising  its 

minerals,  assuming  it  to  possess  them  in  commercial  quantities ;  for  not  only 

are  manufacturing  industries  of  many  kinds  created  to  treat  them,  but  the  importance  of 

the  industry. 

raw  material  may  itself  be  said  to  be  created  by  the  labor  expended  in  search- 
ing for  and  mining  it.  Whatever  lessens  the  cost  of  raising  minerals  and 
whatever  facilitates  their  shipment  to  the  best  markets  are  the  most  obvious 
means  of  aiding  the  industry ;  and  in  so  far  as  governments  can  remove 
burdens  imposed  by  themselves,  or  reduce  the  cost  of  carriage  by  building  or 
granting  aid  to  build  roads  or  railways,  they  to  that  extent  make  the  success 
of  mining  operations  possible. 

Explorers  and  prospectors  are  the  pioneers  of  mining  enterprise.    They  have 
already  proven  that  our  Province  contains  almost  all  of  the  economic  minerals 
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in  workable  quantities  except  coal,  and  that  it  has  vast  possibilities  of  mineral 
wealth.  Tet  the  tolls  upon  trade  and  the  want  of  facilities  for  cheap  trans- 
portation are  a  hindrance  so  serious  to  the  employment  of  capital  that  a  number 
of  the  most  promising  of  known  mineral  properties  are  either  lying  idle  or 
i  are  being  worked  in  the  face  of  great  odds.     Encouragement  of  the  industry. 

Office  and  duty  not  its  discouragement,  is  the  office  and  duty  of  goyemments.     Explorers, 

of  ^vemments 

io  relation  to  the  prospectors  and   miners  deserve  just  consideration  and   liberal  treatment. 

indnstiy. 

Mineral  lands  should  be  held  for  development,  not  for  speculation.  Mining 
enterprises  should  not  be  weighted  with  restrictions  imposed  by  trade  policies, 
and  should  as  far  as  possible  consistently  with  a  fair  consideration  of  the 
claims  of  all  other  interests  of  our  country  be  secured  the  advantages  of  the 
home  markets.  Confidence  in  mining  as  a  business  should  be  established  by 
yearly  reports  of  progress  made  and  work  done.  To  instruct,  to  inform,  tc 
ascertain  and  publish  facts,  to  lighten  the  industry,  to  enlighten  the  men 
employed  in  it  and  deal  with  them  in  a  generous  spirit — such,  in  the  opinior 
of  the  Commissioners,  is  the  true  national  policy  for  governments  to  pursue 
in  promoting  the  development  of  our  mineral  resources. 

The  evidence  that  Ontario  possesses  great  mineral  wealth  is  abundant 
Mineral  and  is  constantly   accumulating.     In  the  central  and  eastern  counties  ar< 

reeouroet  of  the 

Provinee  enum-  magnetic  and  hematitic  iron  ores,  gold,  galena,  plumbago,  arsenic,  mica 
fibrous  serpentine,  apatite,  granite,  marble  and  freestone.  In  the  Sudbury  dis 
trict  copper  and  nickel  mines  are  being  worked  on  a  large  scale.  In  the  town 
ship  of  Denison  rich  specimens  of  gold-bearing  quartz  and  extensive  deposits  o 
copper  and  nickel  are  found.  Along  the  north  shore  of  lake  Huron,  fron 
the  mouth  of  the  French  river  to  Sault  Ste.  Marie,  gold  and  silver-bearing 
veins,  iron,  copper,  galena  and   immense  quarries    of    marble    have    beei 

■J 

!'  discovered.     North  of  the  height  of  laud  and  extending  towards  James  bai 

prospectors  report  a  promising  mineral  region.  North  ot  lake  Superior  loca 
tions  of  gold,  silver,  copper,  iron,  galena,  plumbago  and  zinc  ores  hav< 
been  taken  up,  besides  which  there  are  inexhaustible  supplies  of  granite 
marble,  serpentine  and  sandstone.  West  of  Port  Arthur  is  a  silver  distric 
which,  judging  from  the  explorations  already  made,  promises  to  be  ai 
argentiferous  region  of  great  richness.  Beyond  this  district,  to  the  nortl: 
west,  are  found  veins  of  gold-bearing  quartz  and  extensive  ranges  of  magneti 
iron  ore,  while  to  the  southwest  is  believed  to  be  a  continuation  of  the  Vei 
milion  iron  range  of  northern  MinnesotcL  The  partial  examination  alread 
made  inspires  the  hope  that  here  will  in  time  be  developed  an  iro 
region  of  great  value.  Upon  Sultana  island  and  other  islands  in  the  Laki 
of -the- Woods,  and  in  the  region  adjacent  to  that  lake,  gold-bearing  veins  < 


i 


i 

I 
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good  promise  have  been  discovered,  and  now  that  the  queetion  of  title  has 
been  settled  an  early  development  of  some  of  the  properties  may  be  looked  for. 
Bat  knowledge  of  the  extent  of  our  resources  is  necessarily  imperfect.  The 
area  of  the  Province  is  vast,  many  districts  have  not  been  prospected  at  all, 
and  therefore  it  may  be  reasonably  presumed  that  only  an  inconsiderable 
portion  of  our  mineral  wealth  is  yet  known  to  us. 

But  notwithstanding  the  extent  and  variety  of  our  mineral  resources, 

the  statistics  and  tables   presented  in  Section  iii  show  conclusively  that  in 

Ontario    as    well    as    elsewhere  in  the   Dominion  the   mining  industry   is  Relative  pro- 
duction of  Ci^ 

making  slow  progress.     The  value  of  the  metallic  and  non-metallic  mineral  uJ^JJJ^gijSL 
products   of  Canada  for  1887  was  $11,896,793,  whereas   the  value  of   the 
same   class  of  products  in  the  (Jnited  States  in  that  year  was  $542,284,225, 
being  nearly  four  times  greater  in  the  latter  than  in  the  former  country  per 
head  of  population.'*' 

The  United  States  is  the  principal  customer  of  Canada  for  products  of 
the  mine,  the  value  of  our  exports  to  that  country  for  the  seven  fiscal  years  E^ridence  of  » 

DAtural  com- 

1881  to  1887  being  $18,567,710,  while  to  all  the  rest  of  the  world  it  was  only  me/«i»»  »«"it3; 

°  '         '         '  •'  between  Canada 

$4,828,313.  The  value  of  the  mineral  exports  of  Ontario  alone  to  the  United  gJ^JJ;*  ^°**^ 
States  for  the  twenty  fiscal  years  1869  to  1888  was  $14,329,330,  and  to  all 
the  rest  of  the  world  it  was  $3,342,894.  These  figures  present  in  a  striking 
light  the  natural  commercial  affinity  which  exists  between  the  two  great 
Anglo-Saxon  divisions  of  the  continent,  and  open  a  field  of  speculative 
enquiry  as  to  what  might  have  been  the  volume  of  the  business  if  trade 
restrictions  had  not  clogged  its  movement.  The  great  store  of  ores 
and  structural  materials  possessed  by  Canada  and  the  transportation 
facilities  by  land  and  water  for  placing  them  upon  the  markets  of  the  United 
States  could  not  fail  to  have  built  up  a  trade  of  immense  extent  in  mine 
and  quarry  products  but  for  the  duties  which  have  served  in  a  more  or 
less  perfect  degree  the  purpose  of  preventing  commercial  intercourse. 

Everywhere  among  men  interested  in  mining  operations,  with  the  excep- 
tion of  those  engaged  in  producing  and  refining  petroleum,  the  Commissioners 
have  met  with  expressions  of  an  earnest  desire  to  see  the  American  markets  ^        ,  ^  _. 

General  desire 

opened  to  the  admission  of  Canadian  minerals  free  of  duty  upon  terms  equally  \rlw  mSke"'' 
fair  to  both  countries.     The  amount  of  iron  ore  exported  from  Canada  for 


*  The  table  of  the  Canadian  Geological  Survey  includes  in  the  list  of  mineral  products 
such  articles  as  brick,  charcoal,  coke,  fertilisers,  glass  and  glassware,  iron,  iron  ore,  pottery- 
ware,  sewer  pipe  and  tile,  steel,  sulphuric  acid,  terra  cotta  and  tile,  but  as  these  are  not 
embraced  in  the  United  States  table  their  value  is  struck  out  of  the  Canadian  total  so  that 
a  fair  comparison  may  be  made.  The  statistics  of  1888  show  that  the  value  of  the  metallic 
and  non-metallic  mineral  products  of  Canada  in  that  year  was  $12,048,421,  and  of  the  United 
States  $584,560,^76.  being  for  the  former  country  $151,628  and  for  the  latter  $42,266,451  more 
than  the  value  of  their  respective  products  in  1887.    See  Appendix  N. 
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the  fiscal  year  1888  was  13,544  tons,  valued  at  $39,595,  all  but  ten  tons 
of  which  was  mined  in  Ontario  and  exported  to  the  United  States. 
For   the   calendar   year    1888    the    shipment  of    iron  ore  from   the   lake 

The  Ontario.  *'  '^ 

conSnTSd  litn-  ®"P®™'  mines  of   Michigan,  Wisconsin   and  Minnesota  to  lake  Erie  ports 

neioto  iron 


SS^eoS?  amounted  to  5,023,279  long  tons,  or  three  hundred  and  seventy-five 
times  as  much  as  the  entire  export  from  Canada.  This  ore  was  worth 
115,000,000  at  the  ports  of  shipment;  about  $6,000,000  was  earned  by 
the  lake  marine  in  its  transportation  to  lake  Brie  ports,  and  a  large  but 
unknown  amount  by  the  railway  companies  over  whose  lines  it  was  carried 
to  furnaces  at  Pittsburg  and  elsewhere.  For  the  calendar  year  1889  the 
total  output  of  the  lake  Superior  mines  was  7,292,754  tons,  showing  an 
increase  in  ten  years  of  5,917,063  tens,  or  430  per  cent.  Ontario  undoubtedly 
possesses  large  quantities  of  iron  ore  that  might  be  delivered  at  all  the 
furnaces  of  Ohio,  Pennsylvania  and  New  York  as  cheaply  except  for  the 
duty  as  the  ores  of  lake  Superior,  but  her  mines  are  almost  absolutely  idle. 

The  increase  in  the  world's  production  of  iron  from  1800  to  1888  has 

been  nearly  thirty-fold,  it  having  grown  from  825,000  tons  in  the  former 

to  23,194,500  tons  in  the  latter  year.     Of  the  product  of  1888  Great  Britein 

Canada's  inaig-    fumished  34  per  cent,  and  the  United  States  28  per  cent.     The  world's 

niflcant  share  in  *•  <•     i  • 

the  world's  min-  product  of  steol  for  the  same  year  was  9,630,477  tons,  and  of  this  amount 

•ralandmetol-    ^  j  >         >  » 

lion****  P"^"^  Great  Britain  furnished  35 J  per  cent,  and  the  United  States  30  per  cent. 
Yet  in  the  vast  movement  of  industrial  forces  connected  with  the  manufacture 
of  iron  and  steel,  over  three-fifths  of  which  centres  in  Great  Britain  and  the 
United  States,  Canada  has  relatively  an  insignificcuit  part,  its  total  amount 
of  wrought  and  puddled  iron  in  the  calendar  year  1887  being  only  31,501 
tons  and  of  steel  7,326  tons,  while  its  make  of  pig  iron  in  the  fiscal  year 
1888-9  was  only  24,822  tons. 

Our  situation  naturally  suggests  comparison  between  ourselves  and  our 
neighbors,  and  when  we  observe  the  rapid  increase  of  mineral  development  in 
the  United  States,  the  great  stream  of  capital  flowing  in  upon  the  mining  dis- 
tricts of  the  north  and  south,  and  the  transformation  of  regions  but  lately 
almost  uninhabited  into  scenes  of  industrial  activity,  the  conclusion  seems 
to  be  irresistible  that  if  we  could  succeed  in  directing  enterprise  to  our 
own  mineral  districts  results  of  like  kind  would  surely  follow.  More 
Process  of  the   than  one-half  of  the  capital  now  invested  in  the  mines  and  mineral  properties 

industry  under 

free  conditions,  of  this  Province  is  held  by  Americans,  in  spite  of  the  repellent  conditions 
imposed  by  trade  policies  upon  both  sides,  and  the  extent  to  which  it  might 
further  be  attracted  may  be  conceived  by  observing  the  growth  of  the 
industry  in  neighboring  States. 
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The  numerous  complaints  heard  by  the  Commission  respecting  the  min- 
ing laws  of  the  Province  made  a  careful  enquiry  into  that  suVgect  necessary, 
and  in  addition  to  the  information  given  and  the  suggestions  offered  by  many 
witnesses  the  mining  laws  and  regulations  of  the  principal  countries  of  the  Mining  laws  of 
world  have  been  examined  and  digests  of  them  prepared,  so  that  our  own 
laws  might  be  considered  in  the  light  of  a  wide  experience.  It  does  not  ap- 
pear to  your  Commissioners  however  that  very  radical  changes  are  demanded. 
The  provisions  of  the  Act  which  relate  to  '*  mining  claims "  are  found  by 
•experience  to  be  unsuited  to  the  occurrence  of  minerals  in  this  Province, 
where  no  alluvial  deposits  of  minerals  are  known  to  exist,  and  it  does  not 
appear  that  any  properties  are  being  secured  under  them.  It  is  only  in  the 
provisions  which  relate  to  "  mining  locations "  that  changes  in  the  law  are 
felt  to  be  desirable. 

The  custom  of  terming  a  mining  location  a  mine  is  itself  misleading  and 
tnischievous,  and  unfortunately  the  terms  are  synonymous  as  defined  by  the 
Act     Mining  men  and  capitalists  have  not  infrequently  met  with  disappoint-  Mining  locationi 

and  ^1160  used 

ment  in  this  Province  by  being  brought  to  see  a  "  mine  "  which  has  turned  as  synonymous 

terms. 

out  to  be  only  «n  undeveloped  location,  and  to  prevent  the  recurrence  of  such 
mistakes  it  is  Kiesirable  that  the  term  should  be  clearly  and  accurately 
defined. 

The  prospector  and  the  explorer  have  special  claims  for  consideration  at 
the  hands  of  the  Government,  for  without  their  services  many  years  may 
•elapse  before  the  mineral  riches  of  the  country  are  made  known.     They  Prospectors  and 

explorers. 

should  have  easy  access  to  sources  of  information  ;  geological  and  topographi- 
•cal  maps  of  the  territory  they  propose  to  examine  should  be  placed  in  their 
hands  if  available ;  records  of  every  transaction  in  mining  locations  should 
be  open  to  their  inspection,  and  they  should  be  permitted  to  file  and  prove 
<claims  at  the  local  agencies.  The  right  of  staking  out  claims  might  also  be 
conceded  in  unsurveyed  districts,  under  proper  regulations.  But  in  all  cases 
it  is  desirable  that  proof  of  discovery  of  a  mineral  vein  or  deposit  within  the 
limits  of  the  location  applied  for  should  be  furnished  before  a  claim  is  filed. 

The  extent  and  number  of  locations  which  one  person  or  company  may  claim 
or  hold  cannot  easily  be  regulated  in  practice,  and  while  in  all  cases  the  tenure 
of  mineral  lands  should  be  subject  to  working  conditions,  it  does  not  seem  to 
jour  Oommissioners  that  a  wise  or  useful  purpose  can  be  served  by  a 
provision  the  effect  of  which  would  be  to  bar  the  profitable  invest- 
ment of  capital.     One   strong  company,   if  not  hindered   by   a  too  narrow  Extent  and 

number  of  loca- 

area,    may   employ   more  men    and    raise  more  minerals  than  half  a  dozen  tions,  and  work- 
ing conditious. 

weaker  concerns.  But  prospectors,  explorers  and  miners  deserve  to  be 
encouraged  in  the  acquisition  of  locations  of  small  area,  and  if  their   con- 


veniences  are  better  suited  with  the  privilege  of  buying  forty  or  even  twenty 
acres  instead  of  the  present  minimum  of  eighty  acres,  subject  to  working 
conditions,  the  country  stands  to  gain  rather  than  to  lose  by  the  sale  of  the 
smaller  area. 

The  Commissioners  have  been  impressed  with  the  danger  which  threatens 
one  of  the  chief  sources  of  revenue  possessed  by  the  Province  in  prospecting 
for  minerals.  They  were  struck  with  the  appearance  of  many  scenes  of 
desolation  where  forest  fires  had  swept  over  wide  districts,  leaving  blackened 
tree  trunks  and  fire-scorched  wastes  in  the  place  of  hills  and  valleys  once 
Dftnffsr  of  forest  covered  with  valuable  timber.     The  loss  to  the  Province  from  this  cause  has 

flntln  prospect- 
ing for  minenlB.  reached  many  millions  of  dollars  within  the  last  thirty  yecurs,  and  constant 

danger  of  further  disaster  attends  the  business  of  prospecting  for  minerals  in 
the  forest  regions.  Moss  and  leaves  often  conceal  mineral  veins,  and  in  addi- 
tion to  the  danger  arising  from  carelessness  there  is  reason  to  believe  that 
unscrupulous  persons  sometimes  set  out  fires  and  bom  valuable  tracts  of  timber- 
land  merely  to  facilitate  their  own  work  of  search  for  minerals ;  and  still 
oftener  fires  are  started  by  the  carelessness  and  even  recklessness  of  sports- 
men, tourists,  missionaries,  surveyors  and  others.  This  new  danger 
to  our  forest  wealth  is  one  which  may  well  engage  the  attention  of  the 
Government  and  the  Legislature,  and  perhaps  there  is  no  simpler  plan  of 
keeping  a  check  upon  prospectors  and  explorers  than  to  require  each  one  to 
take  out  a  license  at  the  nearest  land  office,  upon  payment  of  a  nominal  fee, 
granting  him  permission  to  search  for  minerals  within  a  district  of  defined 
boundaries. 

The  Act  contains  no  provision  for  the  health  and  safety  of  miners,  and 
Health  and        although  no  law  can  ensure  workmen  against  the  occurrence  of  accidents  or 

lafety  of  miners. 

and  collection  of  the  effects  of  foul  air,  it  is  none  the  less  necessary  that  every  possible  precau- 
tion for  their  health  and  safety  should  be  taken.  Neither  is  there  any  provi- 
sion for  the  recovery  of  claims  against  employers,  such  as  is  found  in  the 
mining  laws  of  many  other  countries,  but  it  may  be  that  the  general  statutes 
afford  sufficient  facilities  to  mine-workers  in  the  collection  of  wages  without 
special  provision  being  made  to  suit  their  particular  circumstances. 

The  mining  industry  may  be  carried  on  in  a  country,  as  it  is  in  many 

sections  of  countries,  without  the  smelting  of  metallic  ores  being  undertaken. 

Mining  and        Great  Britain  imports  large  quantities  of  iron  ores  for  her  furnaces  from 

smelting  of  iron 

ores.  Spain,  Elba,  Sweden  and  elsewhere,  and  almost  the  whole  of  the  iron  ores 

raised  in  the  mines  of  the  lake  Superior  ranges  are  shipped  to  furnaces  in 
Chicago,  Detroit,  Cleveland,  Pittsburg  and  other  centres  of  iron-making  in 
the  United  States.     This  practice  has  the  advantage  of  enabling  iron  masters 


to  make  mixtares  of  ores  suitable  for  free  smelting,  as  well  as  to  produce 
the  various  grades  of  iron  required  by  the  manufacturers.  But  wherever  the 
<^nditions  are  favorable,  mining  and  smelting  may  be  carried  on  most  advan- 
tageously as  the  complements  of  each  other.  If  sufficient  supplies  of  fuel, 
:flux  and  a  suitable  quality  of  ore  are  found  close  together,  the  best  location 
for  a  furnace  is  at  the  mine,  especially  if  there  are  facilities  for  shipping 
the  product  to  market.  It  is  unquestionably  in  a  country's  interest  not  only 
to  smelt  its  own  ores,  but  to  refine  and  manufacture  the  metals,  providing 
always  that  the  various  operations  can  be  carried  on  economically  and  with- 
out taxing  other  interests  indefinitely  for  their  maintenance. 

The  history  of  the  iron  industry  in  Great  Britain  proves  conclusively 
that  its  growth  and  prosperity  have  depended  upon  a  knowledge  of 
methods  and  processes.  Towards  the  middle  of  the  last  century,  before 
mineral  fuel  began  to  be  used  in  blast  furnaces,  the  total  yearly  make  of  pig  iron  Growth  and  pros- 

peritjr  dependent 

in  that  country  did  not  equal  the  production    of   one  furnace  of   medium  <>« » knowledge 

■'  ^  '^  olprocewee. 

<capacity  at  the  present  day.  The  industry  was  threatened  with  extinction, 
from  which  it  was  saved  by  the  genius  of  Abraham  Darby,  who  discovered  the 
means  of  using  bituminous  coal  as  furnace  fuel  by  converting  it  into  coke. 
He  worked  out  the  problem  in  the  sweat  of  a  sleepless  brain,  and  the  narra- 
tive of  his  achievement  is  one  of  the  most  touching  in  the  long  story  of  the 
triumphs  of  man  over  matter.  Darby's  discovery  was  the  beginning  of 
Britain's  career  as  the  chief  iron  producing  and  iron  manufacturing  country  of 
the  world,  and  she  owes  that  position  to  the  service  of  processes  and  appli- 
ances begotten  by  the  ingenuity  of  her  sons.  The  cylindrical  bellows 
of  Smeaton,  the  steam-engine  of  Watt,  the  puddling  process  and  the 
puddle  rolls  of  Cort,  the  hot  blast  of  Neilson,  the  steam  hammer  of 
Nasmyth,  the  various  processes  of  Huntsman,  Heath,  Bessemer,  Mushet, 
Siemens  and  others  for  the  conversion  of  iron  into  steel,  the  utilisation 
of  furnace  gases  and  the  improvements  in  furnace  construction,  mark 
•every  step  in  the  progressive  stages  of  the  industry  along  its  wonderful 
<;ourse.  And  it  is  mainly  upon  a  knowledge  of  processes  and  skill  in 
the  use  of  them,  conjoined  with  capital  and  prudent  enterprise,  that  we  must 
rely  if  a  prosperous  and  stable  iron  industry  is  ever  to  be  established  in  this 
country.  We  may  begin  with  the  best  appliances,  and  with  skill  and  capital 
we  can  start  upon  even  terms  with  the  iron  men  of  the  United  States  and 
Oreat  Britain.  But  we  should  begin  right — with  experienced  management, 
-the  best  working  plant,  a  sufficiency  of  capital,  and  not  unmindful  of  the 
wants  of  the  home  market  or  our  trade  relations  with  other  countries.  The 
industry  is  of  first  class  importance,  and  every  proper  means  should  be  taken 
to  secure  its  establishment  in  Ontario. 
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The  course  which  a  wise  policy  would  naturally  suggest  is,  to  begin  wi 
Theprospect  for  whatever  branch  of  the  industry  promises  to  give  the  largest  profits  ai 
anthracite,  and  surest  results.     We  have  neither  anthracite  nor  bituminous  coal,  and  if  oi 

charcoal  piar  iron  ' 

or  other  of  these  fuels  were  used  it  would  require  to  be  hauled  long  distano 

at  a  charge  for  freight  dependent  on  our  ability  to  furnish  return  cargoe 

Besides,  the  margin  of  profit  on  coke  and  anthracite  iron  is  never  large,  ai 

the  price  is  subject  to  frequent  fluctuations  as  a  consequence  of  the  grei 

capacity  of  British  and  American  furnaces  to  produce  supplies.     With  cha 

coal  iron  the  case  is  different.     The  supply  is  limited,  the  demand  is  usuaU 

constant,  superior  quality  causes  it  to  be  indispensable  for.  certain  purpose 

and  where  ore,  fuel  and  flux  are  found  in  proximity  the  margin  of  profit  ma 

be  regarded  as  fairly  liberal.     From  data  presented  in  Section  v,   some  < 

which  have  been  furnished  by  metallurgists  and  others  by  iron  masters  or  tb 

managers  of  furnaces,  it  appears  that  the  cost  of  producing  charcoal  iron  i 

Ontario  would  be  about  $13.60  per  long  ton,  the  figures  of  ten  estimate 

ranging  from  $9.08  for  a  hot  blast  furnace  of  60  tons  daily  capacity  to  $18.5 

for  one  of  five  tons  capacity.     There  is  no  charcoal  iron  made  in  Ontari 

however,  and  all  that  is  required  for  the  manufacture  of  malleable  castings  i 

imported  from  the  United  States  at  a  cost  ranging  from  $26  to  $38  per  Ion 

ton  according  to  quality — freight  and  duty  paid.     These  prices  ought  to  b 

considered  as  aflording  a  liberal  margin  of  profit  on  the  cost  of  productioo 

especially  when  the  statement  is  made  upon  expert  authority  that  a  furnac 

of  9,000   tons  yearly  capacity  would  earn   ten  per  cent,  on  a  capital   o 

$200,000  at  a  profit  of  $2.25  per  ton  of  pig  iron  produced.     Furnaces  locate< 

at  favorable  points  should  be  able  to  supply  the  home  market  with  all  th< 

charcoal  iron  it  wants,  and,  besides,  keep  out  much  of  the  poorer  coke  iroi 

imported  from  other  countries.     The  iron  masters  might  even  hope  to  mak< 

sales  at  good  prices  in  the  British  and  American  markets,  notwithstandini 

the  freight  charges  on  shipments  to  the  one  and  the  high  duties  which  guan 

entrance  to  the  other. 

The  most  promising  mineral  works  in  the  Province  at  present  are  th< 
mining  and  smelting  of  copper  and  nickel  ores  in  the  vicinity  of  Sudbury 
The  Canadian  Copper  company  began  operations  there  in  the  latter  part  o: 
1886  and  shafts  were  sunk  on  three  separate  locations,  one  of  which  hac 
reached  a  depth  of  over  500  feet  at  the  close  of  1889.  The  ore  body  is  prover 
to  be  very  extensive,  and  large  quantities  have  been  raised  at  each  of  the 
mines.  One  water-jacketed  furnace  was  set  up  by  this  company  in  1888  and 
a  second  in  1889.  Each  has  a  capacity  of  smelting  120  tons  of  roasted  ore 
per  day,  producing  a  matte  which  carries  about  13  per  cent,  of  nickrl  and  Ic 
per  cent,  of  copper.     Computed  upon  the  basis  of  work  in  1889,  the  annual 
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yield  will  average  500  tonF  of  lefined  nickel  and  700  tons  of  refined  copper 
per  fnmace,  and  for  nickel  alone  this  represents  a  market  value  of  $500,000. 
During  1889  mining  operations  were  commenced  in  the  same  district  hj  the 
Dominion  Mineral  company  of  Montreal  and  Vivian  &  Oo.  of  Swansea, 
Wales,  the  latter  being  owners  of  the  largest  copper  smelting  and  refining 
works  in  the  world.  It  is  understood  that  furnaces  are  being  erected  by 
these  companies  at  their  respective  mines,  and  that  smelting  operations  will 
begin  at  an  early  day. 

The  experiments  recently  carried  on  in  England  and  Scotland  with  alloys 
of  nickel  and  steel,  to  which  reference  is  made  in  Section  v,  cause  ereat  Alloys  of  nickel 

°  and  steel. 

interest  to  be  attached  to  Ontario's  deposits  of  nickeliferous  ores.  If  the 
results  already  obtained  are  verified  by  further  t^ts,  and  if  the  claims  made 
for  the  alloys  are  fully  borne  out  by  practical  application  in  the  metallic  arts, 
the  importance  of  the  inventions  to  this  Province  can  hardly  be  over-estimated. 
The  ranges  already  discovered  in  the  region  north  of  Georgian  bay  are  more 
extensive  than  any  which  have  been  found  elsewhere,  and  only  a  small  por- 
tion of  the  formation  carrying  nickel  and  copper  ores  has  yet  been  explored. 
It  does  not  appear  unlikely,  indeed,  that  in  spite  of  its  unattractive  aspect 
this  may  prove  to  be  the  most  valuable  portion  of  territory  in  the  whole  of 
Ontario,  and  your  Commissioners  vencure  to  recommend  to  your  Government 
the  importance  of  carefully  investigating  its  resources  and  encouraging  by 
every  legitimate  means  their  development.  The  construction  of  new  railway 
lines  may  be  found  necessary  for  opening  new  locations ;  and  possibly  a 
practicable  scheme  can  be  devised  whereby  not  only  the  smelting  of  ores  may 
be  carried  on  upon  a  large  scale,  but  also  that  the  matte  may  be  refined  in  the 
country  instead  of  shipping  it  to  distant  places,  and  that  our  rich  magnetic 
ores  may  be  utilised  in  the  manufacture  of  nickel  steel. 

In  order  that  the  mineral  resources  of  the  Province  may  be  successfully 
and  economically  developed  it  is  desirable  that  measures  should  be  taken  for 
the  practical  and  scientific  training  of  all  who  may  engage  in  the  industry.  ^jSSc  in? 
Prospectors  and  explorers  are  found  to  be  very  deficient  in  the  kind  of  mininjf*wii 
information  which  would  enable  them  to  prosecute  their  arduous  labors  to 
the  best  advantage,  and  your  Oommissioners  recommend  for  that  purpose  the 
adoption  of  a  scheme  such  as  has  been  tried  with  gratifying  results  in  the 
colony  of  New  Zealand,  and  fully  explained  in  Appendix  L.  But  for  the 
education  of  mining  engineers  and  metallurgists  a  thorough  system  of  instruc- 
tion is  called  for,  which  can  only  be  provided  by  establishing  a  School  of 
Mines  or  enlarging  the  course  of  studies  at  the  School  of  Practical  Science  in 
connection  with  the  Provincial  University.     It  is  the  opinion  of  your  Com- 
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missioners  that  if  the  duty  of  providing  instruction  of  this  character  devol 
upon  the  Government  the  obvious  plan  is  to  take  advantage  of  the  mei 
which  are  available  in  the  University  courses  of  study,  and  to  make  sv 
additions  of  instructors  and  appliances  as  may  be  necessary  for  a  thorov 
equipment.  And  for  economic  and  educational  purposes  of  the  first  impc 
ance  your  Commissioners  further  recommend  the  establishing  of  a  bureau 
mines  for  the  purpose  of  making  a  complete  geological  survey  of  the  Provin 
and  a  museum  of  geology  and  mineralogy  to  represent  its  rock  formatio: 
minerals  and  metallurgical  products,  together  with  an  efficient  plan  for  the  c 
lection  of  yearly  statistics  of  the  mining  and  metallurgical  industries  of  t 
Province,  as  indicated  in  Section  vi  of  their  Report  herewith  respectfu 
submitted  for  Your  Honor's  consideration. 


ii 
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(Signed) 


JOHN  CHARLTON,  Chairman. 

ROBERT  BELL. 

WILLIAM  COE. 

WM.  HAMILTON  MERRITT. 

ARCHIBALD  BLUE,  Secretary. 


Toronto,  April,  1890. 
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SECTION  I.  •••• 

GEOLOGY  OF  ONTARIO,  WITH  SPECIAL   REFERENCE  TO--.: 

'-*  .*  - 

ECONOMIC    xMINERALS.  '/' 

The  following  sketch  of  the   Geology  of   Ontario   being  intended   for  '/'  -' 

the  use  of  persons  who  may  not  be  familiar  with  the  technical  terms  of  Technical  tafmi. 
^^logical  science,  the  writer  has  endeavored  to  avoid  these  as  mnch  as 
-possible,  but  where  it  has  been  necessary  to  employ  them  their  meanings 
have  been  briefly  given.  For  the  same  reason  some  elementary  geological 
^explanations  have  been  incorporated,  and  a  short  glossary  of  technical 
words  added  at  the  end  of  the  report,  to  save  the  non-scientific  reader 
the  trouble  of  referring  to  geological  manuals  or  text-books.  On  the  other 
hand,  while  this  report  will  contain  many  new  facts  for  geological  readers, 
they  must  expect  lo  find  them  stated  in  simple  language.  The  limits 
imposed  on  the  writer  have  permitted  only  a  brief  reference  to  each  part 
of  the  subject,  but  it  has  been  his  endeavour  to  allot  the  space  impar- 
tially to  all.  If,  therefore,  those  who  may  be  most  interested  in  any  one 
branch  should  find  the  description  of  it  too  short  to  satisfy  them,  they 
must  consider  the  claims  of  all  the  others.  It  is  hoped  that,  should  the 
demand  warrant  it,  a  fuller  report  may  be  issued  at  a  future  time. 

Owing  to  the  uncertainty  which  has  heretofore  prevailed  in  reference 
to  the  northern  boundary  of  the  province,  it  will  be  necessary  in  attempt-  Boaodt  nt  the 
ing  a  geological  description    of    Ontario  to  state  at  the  outset  how  far  we  ^' 

understand  our  territory  to  extend  in  that  direction.  For  the  purposes 
of  description  we  will  assume  that  the  Albany  river  is  the  northern 
boundary  all  the  way  to  the  sea,  and  that  a  meridian  line  from  James 
bay  to  the  head  of  lake  Temiscaming,  and  the  Ottawa  river  thence  to 
Point  Fortune,  constitute  the  eastern  boundary. 

In  order  to  facilitate  our  description  and  to  prevent  repetition  we 
will  here  present  a  table,  showing  in  their  proper  order  all  the  divisions 
of  the  rocks  of  the  province.     [See  next  page.] 

Igneous  or  eruptive  rocks  may  be  of  any  geological  age,  and  those  which 
occur  in  Ontario  will  be  noticed  in  describing  the  systems  or  formations  to  q^m  in  the 
which  they  are  supposed  to  belong.  In  the  list  of  the  table  the  divisions  of  the  ^y***^ 
rocks  of  Ontario  are  presented  in  their  natural  order  of  succession.  It  does 
not  by  any  means  represent  the  complete  geological  scale,  comprising  only 
the  newest  and  some  of  the  oldest  systems.  There  is  an  enormous  gap 
between  the  Post  Tertiary  and  the  Devonian,  which  in  a  complete  section 
of  the  earth's  crust  would  be  filled  up  (in  descending  order)  with  the 
Tertiary,  Cretaceous,  Triassic,  Permian  and  Carboniferous.    The  whole  of  the 
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DIVISIONS    OF    TUE    ROCKS    OF   ONTARIO. 
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In  descending  order. 
Recent, 

/  Soils,  Peat,  Shell-marl. 
Lacustrine  and  Fluviatile  Clays,  Sands,  etc. 

Pleistocene, 
Post  Tertiart.  {   Sangeen  Clay,  Artemesia  Gravel,  Algoma  Sand. 

Sand,  Gravel  and  Shingle  of  the  country  north  of  the  Great  Lakes. 
Erie  Clay,  Calcareous  and  Non-calcareous  Clays  north  of  the  Great  Lakes. 
^  Boulder-clay,  Drift  or  Till. 


PcUceozoic. 


Devonian - 


Silurian 


/  Chemung  and  Portage. 

Hamilton  Formation. 

Comiferoutf  Formation. 
V  Oriskany  Formation. 


r 


Cambrian 


Lower  Helderberg  Formation. 

Onondaga  Formation. 

Guelph  Formation. 

Niagara  Formation. 

Clinton  Formation. 

Medina  and  Oneida  Formation. 

Utica  Formation. 

Trenton  Formation. 

Black  River  and  Birds-eye  Formation. 

Chazy  Formation. 

Calciferous  Formation. 

Potsdam  Formation. 
Nipigon  Formation. 
Animikie  Formation. 


Huronian. 


Laurbntian 


{ 


Azoic  or  Archffan. 

Upi>er  (?)  Huronian  Formation. 
Lower  (?)  Huronian  Formation. 

Upper  Laurentian  Formation. 
Lower  Laurentian  Formation. 


gecAogieal  scale  is  not  found  in  any  one  region  of  the  siir£aoe  of  the  earth, 
but  the  order  of  saceeasion  has  been  ascertained  bj  tracing  the  connection  of 
one  with  another,  prindpallj  by  the  aid  of  the  fossils  or  organic  remains  which 
they  contain.  Between  the  time  of  the  deposition  of  the  highest  or  newest 
of  oar  Devonian  rocks  and  the  oldest  of  the  Post  Tertiary  a  vast  interval 
elapsed,  daring  which  this  part  of  the  world  may  have  been  dry  land  and 
little  or  nothing  miy  have  been  deposited  apDn  it.  Bat  it  is  far  more  likely 
that  rocks  of  some,  at  least,  of  the  systems  now  wanting  were  laid  down 
which  have  long  since  decayed  and  disappeared  through  the  action  of  denud- 
ing agencies ;  while  elsewhere  the  conditions  have  been  more  faivorable  for 
the  preservation  of  some  of  them  in  one  country  and  others  in  another. 

In  describing  the  rock-formations  of  Ontario  we  propose  to  begin  at  the 
bottom  of  the  scale,  or  with  the  oldest,  and  proceed  in  the  natural  order  2^^*^  ^^^ 
or  that  of  their  age.     First,  however,  a  few  words  qiay  be  necessary  in  regard 
to  the  terms  employed  and  the  names  of  the  divisions  themselves. 

^  The  term  '  system '  in  geology  is  used  to  designate  great  series  of 
strata  characterised  by  such  similarity  that  they  may  '  stand  together,'  as  syjtcs. 
the  word  implies.  In  the  Azoic  or  Archean  division  the  rocks  themselves 
comprising  a  system  have  certain  points  of  resemblance  in  common,  while 
among  the  fossiliferous  strata  each  system  is  recognised  by  the  remains  of 
some  prevailing  forms  of  animal  or  plant  life.  The  systems  are  intermediate 
in  comprehensiveness  between  the  periods  or  ages  and  the  formations,  each 
system  usually  comprising  several  formations. 

The  'formation'  constitutes,  as  it  were,  the  unit  in  the  geological  classi- 
fication or  grouping  of  the  rocks.  Among  fo»iliferous  rocks  each  formation  Fonnstioo. 
comprises  strati  which  may  be  distinguished  from  all  others  by  their  organic 
forms,  most  of  which  are  peculiar  to  such  formation.  Non-fossiliferous  forma- 
tions comprise  rocks  which  have  a  recognised  position  in  the  scale,  or  which 
pDssess  some  strong  points  of  resemblance  sufficient  to  distinguish  them  ;  St 
they  consist  of  rocks  which  have  been  formed  under  similar  conditions  and, 
as  far  as  can  be  ascertained,  at  about  the  same  time.  Unfortunately  the 
term  formation  has  been  employed  by  some  geologists  rather  loosely,  or 
without  a  uniform  and  definite  signification,  and  of  late  years  an  attempt  is 
being  made  to  give  it  a  more  extended  meaning,  by  which  it  would  take 
the  place  of  the  well-established  term  'system.' 

The  word  'group/  which  is  so  often  used  in  geological  language,  is 
another  which  does  not  yet  enjoy  a  universally  established  meaning.  Here  Gnmp. 
t^fore  Canadian  geologists  have  been  accustomed  to  use  it  as  intermediate 
in  comprehensiveness  between  system  and  formation.  Thus  we  spoke  of 
the  St.  John  group,  the  Quebec  group,  the  Trenton  group,  the  Anticosti  group, 
each  embracing  a  number  of  formations.  At  the  present  time  some  European 
geologists  are  seeking  to  give  the  term  a  larger  signification,  equivalent  to 
system,  or  even  period. 

But  the  word  which  has  been  used  most  loosely  of   all  in  geological 
language  is  'series,'  wHich  is  still  made  to  do  duty  wherever  there  is  any  ^^^ 
uncertainty  as  to  the  rank  of  any  set  of  rocks. 


la  i*egard  to  the  proper  names  for  the  various  divisioiis  of  our  rocks  t 
late  Sir  William  Logan,  when  he  undertook  the  geological  survey  of  the  pi 
vince  of  Canada  in  1842,  wisely  foresaw  the  advantage  of  adopting  t 
-Onurio  names  names  already  in  use  in  the  state  of  New  York,  adjoining  us.  In  this  w) 
Formations.  there  was  no  confusion,  and  everyone  understood  without  further  explanati< 
the  positions  of  our  various  formations  as  described  by  Logan  under  the 
names.  Geological  formations  are  distributed  in  the  crust  of  the  ear 
without  reference  to  national  boundaries,  and  true  geologists  are  the  mo 
cosmopolitan  of  men,  the  whole  earth  being  their  field  of  research,  as  i 
very  name  'geology'  implies.  The  New  York  state  and  other  Americi 
geologists  had  adopted  the  names  for  the  systems  which  had  been  given 
England,  such  as  Cambrian,  Silurian,  Devonian,  Carboniferous,  eta,  but 
the  subdivisions  or  formations  in  America  could  noi  be  closely  correlate 
with  those  of  England,  local  names  had  to  be  adopted.  Most  of  the  form 
tions  of  Upper  and  LoweV  Canada  were  found  to  be  continuous  with  the 
of  the  adjoining  states,  so  that  the  names  for  these  were  applicable  on  boi 
sides  of  the  international  boundary  line.  In  a  few  cases,  such  as  that 
the  Hamilton  formation,  named  after  the  village  of  Hamilton  in  Madi8< 
county,  N.Y.,  some  misconception  has  arisen  from  the  supposition  that  tl 
ifiame  is  derived  from  our  own  city  of  Hamilton.  Professor  Chapman  h 
proposed  the  alternative  name  Lambton  formation,  as  it  occurs  chiefly  ; 
Lambton  county  in  Ontario.  One  of  our  Ontario  formations,  the  Guelp 
is  not  represented  in  the  state  of  New  York,  and  the  name  which  it  bea 
was  proposed  for  it  in  1861  by  Dr.  Bell,  of  the  Geological  Survey,  after  the  cii 
of  Guelph,  which  is  built  upon  it.  The  name  Nipigon  was  proposed  by  tl 
same  gentleman  for  one  of  the  lake  Superior  formations,  on  account  of  i 
local  importance  and  peculiarities,  and  because  of  a  doubt  as  to  its  equivalenc 
with  any  of  the  formations  which  had  been  already  named. 

The  Sauficeen  Clay,  Artemesia  Gravel,  Algoma  Sand  and  Erie  Clay,  tl 
ffomes  of  which  were  also  proposed  by  Dr.  Bell,  and  adopted  by  Sir  Willia 
Logan  in  the  *  Geology  of  Canada,'  constitute  formations  which  are  disti 
guished  mainly  by  the  characters  of  the  deposits  themselves,  although  organ 
remains  have  been  found  in  some  of  them.  The  name  Animikie,  for  an  impc 
tant  formation  on  the  north-west  shore  of  lake  Superior,  was  proposed  by  D 
T.  Sterry  Hunt  in  1871,  two  days  before  Dr.  B^l  had  suggested  Lower  Nipig< 
for  the  same  formation,  and  the  former  term  has  been  retained.  The  tern 
Huronian  and  Laurentian  were  given  by  Logan  and  Hunt  early  in  the  histoi 
of  the  Geological  Survey,  and  have  been  followed  by  geologists,  not  only  I 
Canada,  but  in  all  quarters  of  the  globe  where  rocks  of  corresponding  systeu 
exist.  About  the  same  time  the  name  '  Lawrentian'  was  suggested  by  anoth< 
geologist  for  the  Post  Tertiary  clays  and  sands  of  Vermont  and  Low. 
Canada,  but  it  was  soon  after  dropped,  these  deposits  becoming  known  as  tl 
Ohamplain  clays  and  sands. 

Other  names  for  some  of  the  systems  and  formations  represented  i 
Ontario  have  been  more  or  less  employed  by  geologists,  and  these  will  1 
mentioned  in  the  more  detailed  descriptions  to  follow  ;  but  in  order  to  pi 
serve  simplicity  they  have  not  been  given  in  the  table. 


GEOGRAPHICAL    DISTRIBUTION. 

Before  proceeding  with  an  account  of  the  geological  or  lithological  nature 
of  each  of  our  formations  and  of  their  economic  minerals,  we  shall  give  a 
brief  outline  of  the  leading  geographical  features  of  the  principal  divisions,  peographicai 
Along  with  the  descriptions  of  the  individual  formations,  the  areas  which  logical  divi- 
they  severally  occupy  wi^  also  be  given  in  sufficient  detail.  The  Recent  and 
Pleistocene  clays,  sands,  etc.,  are  called  superficial  deposits,  and  the  older 
and  harder  rocks  below  them  in  Ontario  may  be  termed  the  fundamental 
rocks.  The  ordinary  geological  map  of  Oanada  represents  the  latter  only, 
as  if  the  superficial  deposits  did  not  exist.  It  would  be  difficult  to  show 
both  at  the  same  time,  as  these  deposits  are  spread  independently  over  all  the 
older  rocks  alike.  A  separate  map  for  the  superficial  deposits  therefore 
became  necessary,  and  such  a  map  was  prepared  by  Dr.  Bell  and  published 
in  the  atlas  which  accompanied  the  Geology  of  Canada  in  1863. 

In  order  to  form  a  clear  idea  of  the  general  features  of  the  geology  of 
Ontario  it  will  be  desirable  in  our  introductory  remarks  to  go  beyond  the  structure  o< 
immediate  borders  of  the  province,  and  consider  for  a  moment  some  points 
bearing  on  the  structure  of  the  continent. 

The  most  northerly  section  of  Ontario,  or  that  bordering  on  the  lower  part 
of  the  Albany  river  and  James  biy,  re3embles  the  moat  southerly  portion,  or  The  hucUom 
the  peninsula  between  lake  Huron  and  the  lower  lakes,  in  being  underlaid  by 
almost  fl^tt-lying  Silurian  and  Devonian  rocks,  while  the  great  intermediate 
tract  is  occupied  by  a  part  of  the  Azoic  area  which  stretches  to  the  Arctic  ' 
regions.  Most  of  this  tract  consists  of  Laurentian  gneiss,  but  between  lake  • 
Huroa  and  James  bay  there  is  a  very  large  district  of  Huronian  rocks  which 
are  of  much  importance  an  account  of  the  economic  minerals  they  contain. 
The  Palaeozoic  rocks  coming  within  the  province  in  the  northern  or  James 
bay  region  occupy  an  area  almost  as  great  as  those  of  the  southern  peninsula 
of  the  province,  while  the  whole  extent  of  these  rocks  on  the  west  side  of 
James  bay  is  much  greater.  In  both  regions  they  are  quite  undisturbed, 
except  ia  a  few  local  cases,  and  remain  in  the  almost  horizontal  positions  in 
which  they  were  originally  depo^iited  at  the  bottom  of  the  sea.  This  is  owing 
to  the  fact  that  they  have  been  protected  from  movement  by  the  massive  and 
unyielding  Azoic  rooks  that  form  the  foundations  on  which  they  lie. 

This  protection  has  not  been  extended  to  the  Palaeozoic  rocks  of  eastern 
Pennsylvania  and  the  region  lying  east  of  a  Hue  running  up  the  Hudson  Palaeozoic  strata 
river,  through  lake  Champlain,  and  thence  to  the  cicy  of  Quebec  and  down 
the  lower  St.  Lawrence.  To  the  east  of  this  line  a  mighty  force,  supposed 
to  be  due  to  the  gradual  shrinking  of  the  earth,  has  acted  for  ages  from  a 
south-easterly  direction,  and  has  caused  the  great  undulations  in  the  strata 
that  now  form  the  Appalachians,  the  Green  and  White  mountains  and  the 
Notre  Dame  range,  extending  into  the  Gaspe  peninsula.  It  has  also  produced 
great  dislocations  or  faults  and  overtumings  of  the  strata.  The  Palse azoic 
rocks  of  both  the  northern  and  southern  extremities  of  Ontario  having  been 
sheltered  from  this  force,  their  structure  and  geographical  distribution  are 
simple  and  have  been  worked  out  with  comparative  ease. 
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But  the  Azoic  rocks  are  highly  disturbed,  and  much  more  folded  and 
Foidinvs  of  the  contorted  than  the  Palaeozoic  strata  of  the  east.  As  a  rule  the  foldings  have 
been  pressed  together  so  completely  that  their  anticlinals  and  synclinals  have 
taken  the  fortn  of  sharp  A's  and  Y's,  and  the  normal  position  of  the  strati- 
fication is  usually  more  nearly  vertical  than  horizontal.  The  lateral  pressure 
which  caused  this  has  probably  been  due  also  to  the  shrinking  of  the  whole 
globe.  Besides  folding  the  Azoic  strata  in  the  mapper  described,  this  pres- 
sure has  developed  in  them  a  slaty  cleavage,  whenever  their  nature  would 
permit  of  it,  and  has  also  aided  in  producing  their  prevailing  crystalline 
texture.  But  all  this  took  place  before  the  formation  of  the  Palaeozoic  strata* 
which  rest  almost  horizontally  upon  the  truncated  edges  of  the  crystalline 
rocks. 

The  unaltered  fossiliferous  beds  of  southern  Ontario  form  part  of  a  great 
Palaeozoic  region  which  stretches  over  most  of  the  northern  states,  while 
those  of  the  northern  extremity  of  the  province  appear  from  their  fos&il 
evidence  to  have  been  deposited  in  a  part  of  the  ancient  sea  which  must 
have  been  separated  from  the  main  body  much  as  Hudson  bay  is  now 
separated  from  the  Atlantic  ocean. 

THE    AZOIC    PERIOD. 

This  great  division  is  so  called  because,  as  yet,  no  trace  of  either  animal 
or  plant  life  has  been  found  in  it.  It  is  also  termed  the  Archaean  period  or 
age.  In  Ontario  the  rocks  which  belong  to  it  may  be  grouped  under  the 
Jjaurentian  and  the  Huronian  systems,  although  other  divisions  have  from 
time  to  time  been  proposed  for  some  of  them.  These  two  divisions  are  con- 
sidered sufficient  by  many  geologists  for  the  Azoic  rocks  of  the  whole  world. 
Without  taking  local  peculiarities  into  consideration,  the  primitive  rocks  of 
all  countries  may  be  classified  under  one  or  other  of  these  great  systems,  even 
if  subordinate  divisions  should  be  found  convenient  in  some  localities.  The 
characters  and  proportions  of  the  different  rocks  which  make  up  the  Laurontian 
ind  Huronian  are  naturally  found  to  vary  much  in  different  regions,  although 
they  are  everywhere  essentially  the  same  systems  and  retain  the  same  relative 
positions,  representing  similar  conditions  in  the  geological  history  of  the  globe. 
They  form  the  foundations  of  the  crust  of  the  earth  as  far  as  we  can  observe 
or  penetrate  it,  and  are  easily  separable  from  any  rocks  lying  above  them. 
Their  crystalline  characters  and  generally  disturbed  condition  are  their  dis- 
tinguishing features.  At  the  same  time  it  is  true  that,  in  some  instances, 
newer  rocks  have  been  so  altered  locally  or  even  over  considerable  tracts  aa 
to  resemble  the  Azoic,  but  we  generally  find  some  means  of  distinguishing 
between  them.  In  Canada  and  the  United  Staten  the  Lauren tian  and 
Huronian  are  usually  intimately  associated,  but  their  lithological  features, 
or  the  internal  characters  which  distinguish  rocks  from  one  another,  are 
sufficiently  distinct  to  separate  them.  As  they  are  for  the  most  part  included 
in  one  great  area  they  must  be  to  some  extent  described  together. 

The  Azoic  rocks  of  Canada  have  been  represented  as  extending  from 
the  region  of  the  great  lakes  in  the  form  of  two  arms,  .one  stretching  north- 
eastward to  the  Atlantic  coast  of  the  Librador  peninsula  and  the  other  north- 
westward to  the  Arctic  sea,  east  of  the  mouth  of  the  Mackenzie  river,  the 
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intenrening  space  being  filled  np  with  Palaeozoic  rocks.  Farther  light  on  the 
«nbject  has,  however,  shown  that  the  geographical  outline  of  these  rocks  takes 
the  form,  approximately,  of  an  immense  ellipse  which  inclades  the  north- 
eastern part  of  the  continent,  Baffinland,  Greenland  and  many  of  the 
islands  of  the  frozen  sea.  It  comprises  the  wliile  of  the  Labrador  penin- 
sula, measuring  a  thousand  miles  each  way.  On  the  other  side  its 
boundary  runs,  with  a  westward  curve,  from  lake  Winnipeg  to  Coronation 
gulf,  another  thousand  miles,  with  a  spur  towards  the  mouth  of  Mackenzie 
river.  The  Palaeozoic  rocks  of  IIudson*bay  form  a  sort  of  broken  fringe  around 
that  inland  sea,  and  a  belt  of  them  extends  thenoe  northward  across  some  of 
the  islands  to  the  Arctic  ocean.  The  geographical  depression  of  Hudson 
bay,  to  which  the  rivers  flow  from  all  sides,  forms  the  central  drainage  basin 
of  this  Azoic  area  of  North  America,  and  its  origin  is  of  very  ancient  geologi- 
cal date.  At  various  periods  of  the  earth's  history  it  was  probably  covered 
by  waters  more  or  less  separated  from  the  outer  ocean,  and  the  newer  rocks 
in  its  centre  were  deposited  from  these  in  the  same  way  that  deposits  are 
forming  in  the  bottom  of  the  bay  at  the  present  time. 

Although  the  superficial  continuity  of  the  Azoic  region  just  described  is 
broken  in  many  places  by  channels  of  the  sea,  and  by  outlying  patches  of 
Palaeozoic  rocks,  it  may  be  regarded  as  practically  one  area  of  compact  out-  Naciem  of  the 
line,  and  it  forms  the  nucleus  upon  which  the  rest  of  the  continent  has  been 
built.  On  the  east  it  falls  abruptly  into  the  deep  ocean,  but  on  its  landward 
sides  it  is  flanked  by  the  formations  which  have  been  successively  deposited 
around  it.  The  further  we  recede  from  it  the  newer  the  rocks  become,  till  in 
one  direction  we  reach  the  Rocky  mountains,  which  have  broken  up  through 
a  vast  thickness  of  these  succeeding  strata. 

As  a  rule  the  Huronian  rocks  are  less  contorted  or  corrugated  on  the 
small  scale  than  the  Liurentian,  bat  on  the  large  scale  they  partake  of  the 
same  foldings  which  have  affected  the  latter.  At  one  time  they  were  supposed 
to  be  less  abruptly  bent  into  anticlinal  and  synclinal  forms,  but  this  appears 
to  have  been  a  misconception,  due  to  the  fact  that  some  of  the  highest  beds 
happened  to  have  been  first  studied  in  a  district  that  is  less  disturbed  than  the 
average.  In  other  localities  some  of  the  Laurentian  rocks  are  quite  as  little 
disturbed. 

The  greater  part  of  the  mixed  Laurentian  and  Huronian  region  belongs 
to   the  former,   and  of  it  the   Lower  Laurentian   is  the  prevailing    type. 
As  represented  on  a  map,  the  Huronian  occurs  in  the  midst  of  the  Lauren-  a  region  of 
tian   in   the  form  of   more  or  less   completely   separated  areas,    or   with  tun  and  amw 
straggling  connections  between  them.     They  seem  to  be  in  a  manner  inter-  **°  '^"^ 
woven  with   the  Laurentian  as  basins  or  troughs  more   or  less  elongated, 
<and  as  tracts  of  angular  and  other  forms  filling  spaces  between  great  nuclei  or 
rounded  areas  of  Laurentian   rocks.     Patches  of  Huronian  strata  of  com- 
paratively small    size  are  numerous    throughout   this    vast   Azoic   region 
of  the  north-eastern  part  of  the  continent,  and  in  addition  to  these  there 
*re  a  few  of  gpreat  extent.     One   of  them  is  on  the  north-west  side  of 
Hudson  bay,  and  appears  to  stretch  far  inland.     Another  lies  to  the  north 
and  north-east  of  lake  Huron,  reaching  from  the  east  end  of  lake  Superior 
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almost  to  lake  Mistassini,  a  distance  of  600  miles.  In  Wisconsin  and  Michi- 
gan  also  considerable  areas  exist,  and  in  the  country  between  lake  Superior 
and  lake  Winnipeg  Huronian  rocks  of  many  different  basins  are  largely  mixed 
with  the  Laurentiau,  constituting  perhaps  one-third  of  the  whole  area.  In 
the  country  between  the  northern  extremity  of  lake  Winnipeg  and  Hudson 
bay  the  writer  has  described  a  Huronian  trough  180  miles  in  length,  and  Mr. 
A.  S.  Cochrane  found  these  rocks  between  the  Saskatchewan  and  Churchill 
rivers  and  largely  developed  on  the  north  side  of  lake  Athabasca. 

THE    LAURENTIAN    SYSTEM. 

We  have  given  the  above  brief  account  of  the  relations  of  the  Laurentiaii- 
and  Huronian  s^tems  to  each  other,  and  of  the  distribution  of  the  two  in 
north-eastern  America,  in  order  that  the  reader  may  the  better  understand 
what  is  to  follow  in  regard  to  the  rocks  that  occupy  the  greater  part  of 
Ontario  as  now  extended.  The  country  formed  by  these  two  systems  is- 
sometimes  referred  to  as  the  Laurentian  region,  but  it  is  more  correctly  called 
the  Azoic  or  Archtean  when  areas  of  both  classes  of  ro3k  are  included.  W» 
shall  now  proceed  with  a  short  description  of  the  Laurentian  alone. 

As  indicated  in  the  table  already  given,  the  Laurentian  system  has  been 

divided  into  two  formations,  the  lower  of  which  is  sometimes  also  called  the 

Lower  Lauren-    Primitive  Gneiss  series.      The  differences  between  them  can  be  best  pointed 

ti»«i  or  Primitive 

Gaeifs  eeries.  out  after  having  described  the  Lower  Laurentian.  Both  formations  give  rise 
to  the  same  kind  of  country  which  is  so  familiar  to  all  Canadians.  As  a  rale 
it  is  hilly,  but  not  greatly  elevated  above  the  sea,  and  full  of  lakes.  Within 
the  regions  which  have  been  sufficiently  explored  to  speak  of  with  some  degree 
of  certainty  these  amount  literally  to  tens  of  thousands,  and  occupy  a 
very  considerable  proportion  of  the  whole  surface,  estimated  in  some  sections 
at  one-third  and  Qven  one-half  of  the  whole  area.  The  cause  of  the  existence 
of  these  lakes  will  be  explained  further  on.  The  high  northern  part  of  the 
coast  range  of  eastern  Labrador  has  not  been  glaciated,  but  almost  everywhere 
else  there  are  unmistakable  signs  of  this  phenomenon.  This  has  given  rise  to 
the  peculiarity  of  the  Laurentian  countiy  which  Sir  William  Logan  has  so 
graphically  described  as  mammillated.  This  vast  hilly  country,  ho  we  very 
cannot  properly  be  called  "  the  Laurentian  range." 

LOWER    LAURENTIAN    FORMATION. 

The  Lower  Laurentian  consists  essentially  of  gneiss.     In  some  localities 
^     ^     « ^u  its  foliated  or  stratiform  character  is  obscure,  and  it  may  be  called  ffranitie 

Character  of  the  i  j  o 

Lower  Laureu-  qj.  gyenitic.  The  distinctly  banded  varieties  differ  from  one  another  con- 
siderably in  the  proportions  of  their  constituents.  True  gneiss  is  defined 
by  lithologists  to  consist  of  quartz,  felspar  (orthoclase)  and  mica,  but  most  of 
the  gneisses  'of  both  the  Lower  and  Upper  Laureatian  contain  horn- 
blende, often  in  large  proportion.  These  would  be  called  hornblendic  or 
syenitic  gneisses.  The  proportions  of  these  minerals  vary  constantly,  and 
it  is  seldom   that  there  is   any  great  thickness  having  the   same  composi- 

Onelnoid  rocks,  tion.     One  layer  may  consist  chiefly  of  felspar  and  quartz,  the  next  may 
contain   much  hornblende  or  mica  in  addition,  while  a  third  may  consist 


largely  of  any  one  of  these  alone.  These  minerals,  in  fact,  enter  into 
the  composition  of  all  the  gneissoid  rocks  in  every  conceivable  proportion.  It 
is  easy  for  the  mere  lithologist  to  select  typical  varieties  of  rocks  in  a  good 
cabinet  collection,  but  in  the  case  of  the  gneissoid  rocks  it  is  impossible  for 
the  field  geologist  to  recognise  these  distinctions  on  a  large  scale.  In  the 
Lower  Laurentian  hornblende  is  almost  as  generally  diffused  as  t^ie  felspar, 
quartz  and  mica.  It  sometimes  occurs  as  bands  consisting  almost  exclusively 
of  this  mineral  in  both  the  lower  and  upper  divisions.  In  the  latter  it  has 
been  noticed  particularly  in  proximity  to  the  limestone  bands  and  the  iron  ore 
deposits.  The  Laurentian  hornblende  rocks  are  usually  blacker  and  more 
coarsely  crystalline  than  those  of  the  Huronian  system. 

The  prevailing  colors  of  the  Lower  Laurentian  gneisses  are  greyish  and 
reddish,  from  very  light  to  very  dark  shades,  depending  partly  on  the  colors  ^^^^  'SsriK^ 
and  partly  on  the  proportions  of  the  different  constituents.  The  felspar 
(orthoclase)  is  white,  grey  and  red,  or  sometimes  yellowish  or  greenish  ;  the 
quartz  is  white  to  grey,  and  the  mica  and  hornblende  black,  or  very  dark  ■ 
green  or  brown.  These  rocks  are  generally  distinctly  foliated,  or  show  a  lamina- 
tion or  parallelism  in  the  arrangement  of  their  constituent  minerals  easily 
traceable  by  their  colors.  Where  these  are  very  distinct  and  the  layers  con- 
tinuous and  close  together,  the  rock  in  cross-section  is  described  as  ribboned  ; 
where  the  layers  are  further  apart  it  is  called  banded.  But  the  bars  are 
often  broken  into  a  series  of  tapering  dashes  which  pass  below  or  above 
each  other,  or  with  an  interlocking  or  *'  dovetail  "  arrangement,  or  the  bars 
may  be  connected  by  thin  streaks  or  rows  of  dots.  Even  where  the  tendency 
to  parallelism  in  the  texture  of  gneiss  is  not  conspicuous,  from  the  want  of 
contrast  in  colors,  it  can  always  be  seen  on  close  inspection,  and  this  kind 
of  structure  or  *'  grain,''  like  that  of  wood,  is  what  distinguishes  gneiss  from 
granito,  the  latter  having  no  such  parallelism  in  the  arrangement  of  its  con- 
stituent minerals.  On  the  supposition  that  this  structure  of  gneiss,  even 
when  the  parallel  bands  of  different  kinds  are  quite  thick,  may  be  accounted 
for  in  other  ways  than  by  stratification  due  to  the  action  of  water,  some 
geologists  hesitate  to  speak  of  it  as  stratification  or  bedding,  notwithstanding 
its  apparent  identity  with  it. 

As  a  rule  in  Canada  the  exposed  surfaces  of  the  gneiss  rocks  show  little 
sign  of  decay,  on  account  of  their  having  been  worn  down  by  glaciers  in  com-  Foiuuon  ud 
paratively  recent  geological  times,  and  they  are  extremely  massive.  When 
broken  up,  as  by  blasting,  they  fractura  almost  impartially  in  all  directions, 
or  show  only  a  slight  tendency  to  cleavage  along  the  plane  of  their  foliation. 
This  foliation  in  the  gneisses  of  the  Lower  Laurentian  is  usually  contorted  or 
bent  in  various  directions  on  the  small  scale,  and  any  differences  in  their  com- 
position or  colour  do  not  appear  to  be  sufficiently  persistent  to  trace  them  far 
in  any  direction  on  the  ground  ;  in  other  words,  they  are  not  so  sufficiently 
differentiated  into  great  bands  of  distinct  kinds  as  to  enable  them  to  be  shown 
on  a  map  of  moderate  scale,  as  is  often  the  case  with  the  gneisses  and  other 
rocks  of  tile  Upper  Laurentian.  Still,  in  those  areas  which  have  been  most 
examined,  a  general  tendency  has  been  observed  to  strike  more  nearly  in  a 
north-east  and  south-west  direction  than  in  any  other.     In  eastern  Lab*ador» 
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is  3flM  3i2C  h«H9a.  iBiotrai3i*d  mLU  toia  s  iai*>  t-*— 'ri.Tw  ^  :;ae  ssrike 
bL  TiLamt  T'^^xiiiTLk,     Tut  3t*:ai3diii3w  rr*r  ASii  nd  tihiw" —  vui 

Is.   icm£  isri^Cf  i&«  LftzruiiaiiL    rocki   are-  cos.    br  ^ket  of 

Rrvsrv  :r  liiii;^  nArm'v  ac.'*:!  iQiiii*C!3ifSi  I5i^  zpoci  loe  vomae*  •;£  tfxkcs  wUeh 
2*1  ^Asomi^  ittcciZLZcaefi  *aii  jrbtvied  lo  ziiksil  AkAsoiL  v^iLe  £i£Is  and 
nsb&  isecsr  vker^  aor-i  •ij-k'ss  zrow  iai»  vim. w*  of  sroiauL  Botli 
^ttie  Law*r  &aii  VjpEr  Laxtslilis.  :onnw:i>*rit  ar»  ens  bj  t«bs  of  two 
rf^T'i  'Jbt  i:rK  '?«nx  3i'a:ii  ^uzx^  mri'fi*ri  iiLia  sfe  yrrwii  TIsi£  fmMfti, 
vkozft  ir»  xT3ii*7'ni:L  as*,  iii  n  vsr*.  fssed  2.10  cr  aomloBaaeii  witk  tke 

li  &r»  rampriyd  :-^  ^A;^  lua-^  h^tht^ja.     Ix  noBe  nipif  the 
x^^ — ^.    13^    cciiirs   ;'Sfc;r?z.  cm    «Ae&sr  tk   two 


loOA 


ititsecB^r  ftsii  a  :i7uLf  m-int  cr  3»3r^\Mmfca*  si  miffed.     Hie 

T*izA  li  i2ii  iLus  ftr<!-  t-*st  sntrselj  ji  Kir^f*  :    ine  «=^**-"'»"*'  ooeK  have 

iZtii,   Iff  :<r  ciKcca.-  rKiinl&sex      Alifiir^^  'iot   iiTiBoii 

•  3*  ill  fcKitkZ  »citr%2a3i  't*=c*--wc  laeci,  il-»  tT2   rra 

VjTna  -zi  liji  ri;&4  HAT  te  iiKXL  ii  Wt-'ik  4S.T  Ix-ilirr 

i»xpjKtL     T!b(  T^l=^$  :c  "lAe  xazcii  ^Ias  ire  =r:c  ao  .xdZL^c*  uid  ^t«  been 

iAr.^rkZJSA  *iLsLT  irz-z.  ihii  wxl  yx's,  %z;i  is  &rc  so  eoKLtam 
^'«*rA  3:cc«ir  iZii  ir:c.  i  jriir*  Az*i  r'-Zx:  i-l-ioi^  :  ":  zz  k2i-*«*  ziiiierali,  I£ie  the 

:r  TXaii  rsi^^sii  ix«rc  it  ^  arc**  f  rcawr  iwrirc  whx,  ZMSk 
■d    -.iw    Triiia    iiAi   sz»»    ••ws.    nticiTiC    *:t  I-rsixiA::! 
"V^   T-ecu  -if  lii*   *<-Tr-'^'*«   X    Fr:=.:«*=iic    azfI    Lf^ds   ^ai   iS: 
ad  'Jut  CiZiiiiiiz.   Pk£±2   rkilT^j   ccvosiie    ib*  iwfci   cf    B^:k    bAj,   lake 

cf  7<»izj  i<  iiii  -iltai  Mzd  ibi  comrsuLv  crxssallizie  fiba7«kr  &zii  ^vutx  a{ 

o^  lit  rr^5  iLms.  zc  Jizzsickls  oc  *cocr^:r  t^s«  *k  kzuDwn  w  oceor  in 


dnciui  rf  iarc*  azui  »c«rMML:ft  rocia.  «=ci  &5  lioK  z?ar^  o£  M.hzitmu.  ia  tW  regioii 


<^3rtr>sc.  *aii  oe  Tift  MoHii  rl^w- :  *ai  siatilar  ivvk>  *?>?  ^xsii  cc.  The  wast 

i^raia^i'i*  "ii  i."i«»  zz-'K-i*?*.  or  izTi5r«:r*iL£*>i  ^^f*:«Bwii  ^ai  liiKiK.:oets'  aesrstt  u> 
limn.  Pr-f-***cr  J»zk»  B*:1  «r«»  wi^  Lcc*=:*s  ^-^*w.  IV.  S^Cwjn  iKinka 
HAi  vk  iz.T*rs-ir»SMd  miii  ih*  csrtisMS  Asti  ian^Koo^     la  F^nj  Soaad 
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Btricti  where  the  writer  found  anorthosite  rocks,  they  are  interstratified  with 
leines,  etc,  with  which  limestones,  simijfur  to  those  of  the  county  of 
rgentenil,  in  Quebec,  are  also  associated.  It  would  appear  from  the  writer's 
aenrations  over  the  vast  Laurentian  regions  of  Canada  that  for  the  present, 

least,  it  will  be  convenient  to  designate  as  Upper  Laurentian  both  the 
korthosite  rocks  such  as  those  above  referred  to,  and  the  limestone-bearing 
ries  such  as  that  which  was  so  carefully  worked  out  by  Sir  William  Logan 

the  county  cf  Argenteuil  and  sometimes  called  the  Grenville  series,  as 
ere  are  good  reasons  for  this  classification,  and  it  is  the  moit  convenient  one 

the  present  state  of.  our  knowledge.  In  the  counties  of  Terrebonne,  Mont- 
Im  and  Joliette,  in  Quebec,  rocks  similar  to  the  Grenville  series  have  been 
nnd  since  Logan's  time  to  be  interstratified  with  anorthosite  gneisses.  Dr. 
dwyn  regards  the  more  massive  anorthosites  or  labradorite  rocks  of 
rgenteoil,  Terrebonne,  etc.,  as  probably  of  igneous  origin,  and  as  in  some 
&y  incorporated  with  the  adjacent  limestone-bearing  series.  Piofessor  Hall, 
8  state  geologist  of  New  York,  considers  the  similar  rocks,  which  are  largely 
tveloped  oq  the  west  side  of  lake  Ohamplain,  to  overlie  the  adjoining  gneisses 
iconformably.  Both  views  may  be  correct.  It  is  highly  probable  that 
dcanic  activity  went  on  more  energetically  and  on  a  grander  scale  in  these 
rly  days  of  the  earth's  history  than  now,  ^nd  great  outbursts  of  basic 
atter,  such  as  these  anorthosites,  yrere  of  frequent  occurrence  in  Laurentian 
nes.     After  spreading  out  upon  the  surface  of  the  earth  or  on  the  bottom 

the  sea,  some  of  them  became  incorporated  in  a  conformable  manner  with 
e  contemporaneous  deposits,  while  others  may  have  flowed  over  pre-existing 
cks  which  were  even  then  disturbed.  The  latter  would  form  the  uncon- 
rmable  masses  of  Logan  and  Hall. 

There  may  be  a  general  want  of  conformity  between  the  piimitive  gneisses 

the  Lower  Laurentian  and  all  the  rocks  of  the  upper  series  which  succeed 
em,  including  both  the  massive  anorthosites  and  the  limestones  with  their  Miner*!  bewiiy 

'  ^  charmot^r  of  the 

companying  gneisses.  There  is  a  considerable  change  of  character  in  upper  Kries. 
Lssing  from  the  one  to  the  other,  and  this  is  important  from  an  economic  point 
view.  While  the  Lower  Laurentian  is  apparently  barren  of  metallic  ores, 
e  upper  series  as  above  defined  contains  a  considerable  variety  of  them. 
I  addition  to  the  presence  of  the  limestone  and  dolomite  bands  and  the 
lorthosite  rocks  which  constitute  their  leading  distinguishing  features,  the 
pper  Laui*entian  is  characterised  by  the  occurrence  of  iron  ores,  graphite, 
>atite.  pyroxene  and  hypersthene  rocks,  quartzite  and  argiUite  bands,  granite, 
enite  and  porphyry,  and  perhaps  conglomerates.  Besides  the  above  differ- 
ices,  Mr.  W.  C.  Willimott  enumerates  the  following  sixty-one  species  of 
inerals  as  found  more  or  less  commonly  distributed  in  these  rocks,  few  or 
me  of  which  have  yet  been  detected  in  the  Lower  Laurentian  : 

Achroite.  Axinite. 

Actinolitcf.  Barite. 

AK^te,  Beryl. 

AOanite.  Bi«miithinite. 

Amaton-stone.  Bismath  carbonite. 

Anorthite.  Blende. 

Aphrodite.  Bomite. 

Aveotorine  felspar.  Celestite. 
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Ghabazite. 

Chrondodite. 

Chrome  ^rnet. 

Cbromite. 

Chrysotile. 

Corundum  (Hunt). 

£s8onit«. 

Fluorite. 

Gold. 

Graphite. 

Heulandite. 

Idocrase. 

Jasper. 

Labradorito. 

Limonite. 

Malachite. 

Microcline. 

Mispickel. 

Molybdenite. 

Molybdite. 

Monazite. 

Alouutain  cork. 

Nickeliferous  pyrites. 


Oligoclase. 

Peristerite. 

Perthite. 

Picrolite. 

Pyrallolite. 

Pyroxene   (and    its   varieties,    sahlitor 

diopside  and  cocolite). 
Pyrrhotite. 
Rutile. 
Samarskite. 
Scapolite. 
Seri>entine. 
Steatite. 
Sphene. 
Spinel. 
Stilbite. 
Talc. 

Men^hinite. 
Tourmaline. 
Tremolite. 
Uranite. 
Zircon. 
Zoisite. 


Boundary  of  the 
Upper  Lauren- 
ftuu^series. 


Supposed 
aqaeous  origin 
of  gneiss  in 
the  Upper 
Laurentian. 


The  Eozoon 
Canadense  a 
•cientific  myth. 


No  attempt  has  yet  been  made  to  mark  the  geographical  division  between 
the  Lower  and  Upper  Laurentian  as  above  defined.  But  if  we  draw  a  line^ 
from  near  the  north  shore  of  lake  Nipissing  north-eastward,  nearly  parallel 
to  the  St.  Lawrence,  and  at  an  average  distance  of  about  150  miles  from  it,, 
we  may  not  be  far  from  its  position,  for  the  region  between  lake  Huron  and 
the  gulf  of  St.  Lawrence. 

Notwithstanding  the  various  differences  which  distinguish  the  Upper  from 
the  Lower  Laurentian,  there  is  often  a  close  resemblance  in  the  gneisses  of  the 
one  to  those  of  the  other.     In  fact  it  would  often  be  difficult  to  distinguish' 
between  hand  specimens  taken  from  the  two  series.     This  fact  should  be  borne 
in  mind  in  considering  the  origin  of  gneisses  in  general.     As  the  balance  of 
evidence  is  strongly  in  favor  of  the  aqueous  theory  of  the  origin  of  at  least 
part  of  the  Upper  Laurentian,  this  lends  support  to  the  view  that  even  the 
primitive  gneisses  may  have  been  formed  by  the  action  of  water  during  some 
early  condition  of  the  earth,  of  which  we  can  form  but  little  conception  judging 
by  the  later  stages  of  its  history.    Minute  globules  of  water  have  been  found 
by  micioscopic  examination  in  the  centres  of  crystalline  grains  forming  gneiss^ 
and  more  or  less  water  may  be  driven  out  of  these  rocks  by  means  of  heat. 

At  one  time  some  geologists  alleged  that  they  had  detected  an  organic  form, 
to  which  they  gave  the  name  of  "  Eozoon,"  in  the  Upper  Laurentian  rocks ;  but 
on  investigation  by  others  the  hypothetical  discovery  was  not  endorsed,  and 
the  organic  nature  of  the  supposed  fossil  has  been  repudiated  by  nearly  all 
scientists.  It  is  believed  that  organic  life  not  only  did  not  begin  on  our 
planet  in  Laurentian  times,  but  that  for  ages  afterwards  the  earth  was  not 
fitted  for  its  reception.  Forms  like  the  branching  structures  which  are  the 
portions  of  the  so-called  eozoon,  and  which  are  claimed  to  have  a  resemblance 
to  organic  forms,  are  assumed  by  a  great  variety  of  minerals,  but  in  the  case  of 
eozoon  these  forms  are  unlike  any  organic  structure  in  the  fact  that  they 
are  all  different  one  from  another. 
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It  has  been  aEEerted  that  the  limestones,  iron  ores,  graphite  and  apatite 
are  also  evidence  of  the  existence  of  animals  or  plants  in  Lauren tian  times. 
Sach  an  argument,  however,  appears  to  Rkve  no  s^ood  foundation.     The  lime-  origin  of 


stones  have  been  carefully  examined  by  numerous  geologists  over  immense  stones  and  iron 
regions  during  the  last  forty  or  fifty  years  and  have  yielded  ni)  evidence  to 
support  this  view,  but  rather  the  opposite,  namely,  that  they  are  of  chemical 
origin.  The  iron  ores  occur  in  greater  masses  than  any  of  those  deposits  which 
appear  to  have  been  aided  by  oi*ganisms  in  their  formation,  and,  besides,  their 
modes  of  occurrence  are  opposed  to  any  theory  of  this  kind.  The  graphite 
and  apatite  occur  principally  as  vein  matter.  The  largest  deposits  of  the 
latter  have  b^en  derived  from  the  pyroxene  rocks,  which  are  evidently  of 
Igneous  origin.  Apatite  is  a  common  constitutent  of  traps  and  granites  of  all 
kinds,  and  is  widely  diffused  in  small  grains  even  in  gneiss.  The  argument  as 
to  its  organic  origin  is  based  on  the  fact  that  phosphate  of  lime  is  the 
principal  constitutent  of  the  bones  of  vertebrate  animals ;  but,  in  the  natural 
order  of  things,  the  phosphate  must  have  existed  first  and  the  vertebrate 
animals  later  on.  The  converse  of  this  is  absurd.  There  is  no  evidence  to 
show  that  phosphorus,  carbon,  iron  and  calcium  did  not  enter  into  the  original 
constitution  of  the  earth  as  well  as  the  other  elements. 

OBIOIN  OF  LAUBBNTIAN  BOOKS. 

It  it  rather  singular  that  the  numerous  minerals  above  referred  to  should 
appear  for  the  first  time  in  the  upper  Laurentian  rocks,  and  this  fact  also 
suggests  many  questions  as  to  their  origin  and  mode  of  formation.     One  of  origin  and  mod* 
the  most  remarkable  features  of  the  Lower  Laurentian  is  the  general  uni-  theTimrentiMi 
formity  in  composition  and  character  of  the  gneiss  over  so  vast  an  area,  almost  '^ 
semi-continental  in  extent.     The  comparatively  fine-grained  and  even  texture 
which  prevails  everywhere  might  not  have  been  looked  for  in  these  ancient 
rocks,  which  have  had  such  ample  time  to  become  coarsely  crystalline  or  to 
exhibit  local  variations.     These  circumstances  seem  to  prove  a  uniformity 
of  origin  as  well  as  of  the  condition  of  the  surface  of  the  earth  at  the  time 
they  were  formed,  as  similar  rocks  also  crop  up  from  under  all   others  in 
various  parts  of  the  world. 

Without  stopping  to  consider  the  great  differences  in  the  various  classes 
of  rocks  belonging  to  the  Upper  Laurentian,  some  geologists  have  suggested 
a  general  igneous  origin  for  the  whole  of  them.  On  this  hypothesis  it  is  igaeoiu  orSi? 
supposed  that  these  rocks  may  be  compared  to  slags  which  have  formed  on  the 
surface  of  a  molten  mass,  and  that  instead  of  cooling  quietly  and  homo- 
geneously some  force  has  acted  on  them,  giving  a  sort  of  flow-structure  such 
as  may  be  seen  in  slags  which  have  run  from  a  blast  furnace.  It  is  difficult, 
however,  to  conceive  how  such  a  minute  and  even  structure  could  have  ex- 
tended through  so  great  a  thickness,  the  depth  of  which  is  unknown,  but  which 
must  amount  to  many  miles  in  the  Lower  Laurentian  alone.  Others  attempt 
to  account  for  the  stratiform  condition  of  the  Laurentian  rocks  by  the  agency  of 
pressure,  but  it  is  impossible  to  imagine  that  this  force  could  separate  the  rocks 
into  immense  bands  of  different  kinds  such  as  those  of  the  Upper  Laurentian, 
which  differ  from  each  other  as  much  and  on  as  large  a  scale  as  do  the  rocks 
of  any  of  the  later  systems.     When  we  consider  the  great  variety  and  thick- 
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Lftbnuiorite 
rocke. 


A  land  of  lakes. 


Lakes  with 
double  outlttfl. 


nesB  of  the  Upper  Laurentian,  amounting  to  50,000  feet  or  more,  and  incl 
ing  great  bands  of  different  sorts  of  limestones^  dolomites  and  gneisses,  a 
smaller  ones  of  schists  or  quartzites,  argillites,  bedded  iron  ores,  etc.,  the  o 
elusion  appears  irresistible  that  they  are,  principally  at  least,  altered  se 
mentary  strata,  as  Logan  so  emphatically  stated  after  having  studied  th 
for  years  in  the  field.  The  circumstance  that  many  varieties  of  the  Up] 
Laurentian  gneisses  are  undistinguishable  from  those  of  the  lower  ser 
would  indicate  that,  like  the  latter,  they  have  been  formed  during  a  primiti 
and  probably  heated  condition  of  the  earth.  Sir  William  Logan's  painstaki 
investigations  in  the  county  of  Argenteuil  and  other  localities  in  Quel 
show  the  vai'ious  thick  belts  which  he  traced  out  in  all  their  sinuosities 
conform  in 'their  geographical  distribution  to  the  structural  laws  of  ordini 
stratified  rocks,  where  these  have  been  thrown  into  u adulations,  or  antic! ini 
and  synclinals,  and  afterwards  denuded. 

The  Upper  Laurentian  rocks  seem  to  be  much  more  limited  in  geograp 
cal  extent  than  the  lower.  Including  both  the  anorthosite  and  the  lin 
stone-bearing  portions  under  this  designation  as  above  described,  the  serii 
as  already  stated,  may  be  said  to  extend  from  the  lower  St.  Lawrence  westwa 
to  lake  Huron  and  northward  in  some  places  for  about  150  miles,  but  beyo 
that  distance  it  has  not  been  recognised.  It  is  largely  developed  between  t 
Ottawa  river  and  the  Paleeozoic  region  north  of  lake  Ontario,  and  ags 
between  Greorgian  bay  and  lake  Nipissing.  Some  of  the  rocks  of  the  Hastin 
and  Lanark  region  which  were  formerly  included  in  this  series  are  now  believ 
by  some  to  belong  rather  to  the  Huronian. 

Anorthosite  or  labradorite  rocks  are  extensively  developed  in  easte 
Labrador,  and  there  are  indications  in  that  region  of  iron  and  other  ores 
well  as  of  non-metallic  minerals  indicative  of  the  upper  series.  On  t 
shores  of  some  parts  of  Hudson  straits  the  gneisses  are  divided  into  great  ban 
with  distinctive  characters,  and  here  iron  ore,  iron  pyrites,  graphite,  sphei 
sheet  mica  and  some  of  the  other  minerals  of  this  series  are  found,  and  in  o 
place  the  writer  noticed  a  loose  piece  of  crystalline  limestone  of  one  of  ti 
varieties  peculiar  to  the  Upper  Laurentian. 

The  Laurentian  and  to  an  almost  equal  extent  the  Huronian  districts 
Canada  are  characterised  by  great  numbers  of  lakes  of  all  sizes,  and  most 
of  very  irregular  forms.  Throughout  these  vast  but  little  explored  regio 
they  exist  in  hundreds  of  thousands.  It  is  estimated  that,  in  some  seotio 
of  this  land  of  lakes,  from  one  third  to  one-half  of  the  entire  area 
water.  Some  of  them  are  one  hundred  miles  and  upwards  ia  length,  ai 
many  measure  from  twenty  to  fifty  miles.  They  generally  show  a  tenden 
to  run  in  chains  or  groups  in  different  courses,  and  thus  they  afford  a  mea 
of  travelling  by  canoe  in  almost  any  direction.  They  are  nearly  all  roc 
basins,  and  on  the  water-sheds  they  not  infrequently  have  outlets  in  opposi 
directions,  sending  the  water  down  either  slope.  One  of  the  most  remarkal 
examples  of  this  phenomenon  in  Ontario  occurs  on  the  divide  to  the  non 
east  of  lake  Nipigon,  where  rivers  of  equal  size  flow  from  each  end  of  Sui 
mit  lake,  one  into  Hudson  bay  and  the  other  into  the  St.  Lawrence.  Bo 
streams  are  uninterruptedly  navigable  by  canoes  for  some  distance  after  lea 
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^  the  lake,  so  that  travel Leis  may  here  cross  the  water-shed  by  continuous 

.▼igation.*    Temagami  lake,  north  of  lake   Nipisaiug,  one  of  the   most  <>njj^»  p^o"p 

ctniesque  lakes  in  America  and  measuring  fifty  miles  each  way,  is  another 

riking  example  of  this  kind.     Its  northern  outlet  flows  into  the  Ottawa  by 

ly  of  the  Montreal  river  and  its  southern  by  Sturgeon  and  French  rivers 

to  the  St.  Lawrence.     What  is  still  more  remarkable,  this  lake,  as  shown 

r  Dr.  Bell's  surveys,  had  in  former  times  an  eastern  .outlet  to  the  Ottawa 

id  a  western  to  the  St.  Lawrence,  and  if  its  level  were  now  raised  only  a 

w  feet  these  channels  would  again  help  to  drain  it,  so  that  it  might  have 

•ur  outlets  flowing  towards  all  the  cardinal  points  of  the  compass,  the  two 

urs  of  opposite  discharges  being  each  about  fifty  miles  apart.     No  fewer 

lan  eight  examples  of  lakes  with  double  outlets  are  known  among   the 

pper  branches  of  the  Ottawa. 

The  question  naturally .  arises — What  was  the  probable  origin  of  these  / 

Qnumerable  lakes  ?  Their  formation  and  that  of  the  boulder  clay,  and  the  oudai  origin 
xistence  of  the  surface  boulders  consisting  of  primitive  rocks  which  are  so 
ibnndant  over  the  Azoic  regions  and  often  beyond  them,  as  well  as  the  rounding, 
iatiDg  and  grooving  of  the  rocks  which  may  be  seen  almost  anywhere  on  the 
removal  of  their  superficial  coverings,  are  all  mutually  related  phenomena. 
Without  going  into  details,  it  may  be  stated  that  before  the  beginning  of  the 
glacial  epoch  the  surface  had  been  subjected  lb  a  long  period  of  decay.  Under 
the  influence  of  water  and  other  decomposing  agencies  the  crystalline  rocks 
Wskine  softened  to  a  great  depth,  as  may  now  be  seen  in  similar  rocks  in 
South  America  and  elsewhere.  One  of  the  best  examples  of  this  in  Canada 
i«  to  be  found  in  the  north-eastern  part  of  the  Labrador  peninsula,  where  the 
Bame  gneisses,  etc.,  which  in  these  latitudes  we  are  accustomed  to  see  as  hard 
rounded  hills  find  knobs,  form  pointed  hills  and  ridges  in  a  soft  and  decayed 
condition  so  unlike  the  former  as  to  be  quite  unrecognisable  at  first  sight. 
When  the  cold  of  the  glacial  epoch  set  in,  ice  formed  to  a  considerable  thick- 
ness over  all  the  elevated  parts  of  the  land  and  descended  in  wide  sheets  in 
Various  directions  upon  the  lower  levels,  carrying  with  it  the  softened  or 
decomposed  rock,  which  by  the  weight  and  motion  of  the  ice  became  ground  up 
to  form  the  finer  parts  of  the  boulder  clay  or  till.  From  the  subsequent 
^ashing  away  of  portions  of  this  by  the  action  of  the  sea  and  glacial  lakes 
the  Pleistocene  clays  and  sands  have  been  deposited.  The  glacial  action  con- 
tinned  till  all  the  decayed  crust  had  been  carried  away,  and  the  bottoms  of 
the  glaciers  were  grinding  on  the  bound  rock  beneath.  What  would  we 
ixpect  as  the  result  of  these  processes  ?  Naturally  when  the  glacial  ice  dis- 
.ppeared,  through  a  change  of  climate,  there  would  be  a  hard,  rounded, 
ut  uneven  surface,  as  the  rotting  of  these  crystalline  rocks  had  taken 
lace  to  varying  depths  according  to  the  previous  contour  of  the  land, 
r  to  the  more  or  less  decomposable  nature  of  the  different  bands  and 
1  proportion  to  the  unequal  hardness  of  the  undecomposed  parts  after 
hey  had  been  reached  by  the  powerfully  eroding  glaciers.  The  angles 
f  the   dips,  the   curves   and   twists  in   the   strike,   the  joints,   and   par- 

^  

*  See  Geological  Survey  Beport  by  Dr.  Bell  for  1871. 
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ticularly  the  dykes  catting  these  rocks,  would  all  have  their  effect  in 
modifying  the  form  of  the  surface  left  at  the  close  of  the  glacial  epocL 
The  relative  levels  of  the  land,  except  on  a  continental  scale,  and  iti 
general  contours,  including  the  principal  river  valleys,  probably  existed 
before  this  epoch,  and  the  latter  guided  the  courses  of  the  diminishiiig 
glaciers  towards  the  close  of  the  ])eriod,  as  may  be  seen  by  the  direction  of  the 
striie  on  the  rocks  along  their  bottoms.  On  the  disappearance  of  the  ice,  the 
innumerable  rock-basins  which  had  been  formed  by  the  above  process  would 
be  already  full  of  water,  and  the  rivers  running  in  their  present  channeli. 

It  has  been  observed  that  in  the  decaying  of  crystalline  rocks,  as  above 
described,  small  portions  here  and  there  remain  unaffected,  forming  as  it 
were  kernels  in  the  mass.  These,  with  a  little  rounding  by  the  action  of  tbe 
moving  glaciers,  would  become  the  boulders  or  ''  hard  heads,"  so  common  in 
most  parts  of  the  country. 

The  high  inclinations  and  almost  vertical  attitudes  of  the  bedding  or 
cleavage  in  most  of  the  crystalline  rocks  has  greatly  favored  the  penetiatios 
of  water  and  air,  and  their  consequent  destruction.  In  excavating  the  com- 
paratively sound  rock  left  under  the  glaciated  surface  at  the  present  day,  v 
in  quarries  and  railway  cuttings,  we  see  how  deeply  the  effects  of  these  agenda 
are  traceable,  and  they  are  even  now  laying  the  foundations  of  further  decay. 

The  above  short  sketch  of-  some  of  the  most  important  points  bearing  oo 
the  superficial  geology  of  Ontario  is  almost  inseparably  connected  with  the  dei- 
cription  of  the  geographical  distribution  and  peculiarities  of  our  Xjaurentin 
and  Huronian  country,  and  it  will  serve  for  reference  in  noticing  tin 
Pleistocene  deposits  in  a  subsequent  part  of  this  report. 

The  economic  minerals  of  the  Laurentian  system  and  their  modes  d 
occurrence  will  be  alluded  to  in  the  general  description  of  the  various  kind& 
under  their  respective  headings  further  on. 

HURONIAN    SYSTEM. 

This  is  the  second  principal  division  of  the  rocks  of  the  earth  in  ascendiof 
order.     In  Canada  it  consists  of  a  great  thickness  and  variety  of  strata,  for 
S*th?1iu'*nin  *^®  ™^®^  P*^  Crystalline,  but  in  a  less  degree  than  the  Laurentian,  togetbtfl 
rocks.    M-        with  many  unstratified  igneous  masses.     Like  the  Laurentian  it  is  azoic^  orl 
devoid  of  any  trace  of  organic  life,  so  that  the  distinction  between  the  i*o| 
systems  is  based  entirely  on  lithological  grounds.     The  difference  in  this 
is  great,  and  is  easily  recognised  by  those  who  have  paid  any  attention 
geology.     The  prevailing  dark  green  and  grey  colors  of  the  Huronian  offisr 
marked  contrast  to  the  lighter  greys  and  reddish  greys  of  the  LaarenI 
The  latter  are  massive  and  coarsely  crystalline,  while  the  former  are  nsnallfl 
iine-grained  and  schistose  or  fissile,  this  cleavage  structure  constituting 
strikins:  difference  from  the  solid  Laurentian.      There  are  some  exceptions 
this  rule,  such  as  the  light  colored  quartzites  and  the  granites  and  syenites 
the  Huronian  to  be  noticed  further  on.      The  change  in  passing  from  one 
the  other  is  often  sudden  and  complete,  but  sometimes  beds  of  passage 
met  with. 

As  already  stated,  most  of  the  Huronian  areas  occur  within  the 
Huronian  area.*.  It^v.iMlun'es  of  the  Azoic  or  Archsean  rocks,  and  their  relations  to  the  Lai 
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tian  have  been  pointed  out.  In  addition  to  the  numeroas  Huronian  areas 
north  of  the  great  lakes  and  between  Hudson  bay  and  the  North-west  terri- 
tories, there  are  certain  rocks  in  the  district  stretching  between  the  counties 
of  Hastings  and  Lanark  which  may  be  regarded  as  belonging  to  this  system. 
Some  of  the  crystalline  rocks  of  the  Eastern  Townships  and  of  the  provinces 
of  New  Brunswick,  Nova  Scotia,  especially  on  the  south-east  side  of  Cape 
Breton,  and  Newfoundland  also  appear  to  belong  to  this  division.  The 
writer  has  found  small  Huronian  areas  on  the  eastern  shores  of  James  and 
Hudson  bays,  and  in  the  eastern  part  of  Labrador. 

In  the  midst  of  the  larger  Huronian  areas  limited  portions  are  found 
where  the  strata  are  less  disturbed  than  usual,  or  dip  at  moderate  angles,  just  Disturbances. 
&s  similar  conditions  are  occasionally  found  among  the  Laurentian  rocks ;  but 
^  local  circumstance  of  this  kind  does  not  aflfect  the  general  character,  nor 
afford  a  reason  for  separating  these  portions  of  either  system  from  the  rest. 
Examples  of  little  disturbed  sections  of  these  rocks  are  met  with  near  the  Bruce 
Mines,  lake  Huron,  on  Montreal  river  and  lake  Temiscaming.  Although  the 
Huronian  strata  have  generally  been  thrown  into  sharp  folds,  or  stand  at  high 
angles,  they  are  as  a  rule  less  bent  about  or  contorted  than  the  Liurentian. 

In  order  to  ascertain  more  correctly  the  nature  of  the  Huronian  deposits, 
the  writer,  in  connection  with  the  Geological  Survey,  commenced  a  detailed  volume  of  the 

system. 

investigation  of  the  Lake-of-the- Woods  area  in  1881  and  1883.  These  re- 
searches have  since  been  continued  by  Dr.  A.  C.  Lawson,  and  have  shown  that 
the  different  bands  are  not  often  persistent  for  any  great  distance,  and  that 
they  vary  much  in  thickness  and  change  in  litbologlcal  character  when  followed 
out  on  their  courses.  It  therefore  becomes  difficult  to  estimate  thoir  thickness, 
^ven  in  a  given  area.  From  the  sections  measured  by  the  late  Mr.  Alexander 
Murray,  principally  among  the  higher  members  of  the  series  behind  the  Bruce 
Mines,  that  gentleman  calculated  that  they  have  there  a  volume  of  about 
1 8,000  feet.  The  total  volume  of  the  system  must  be  very  great — probably 
not  far  from  40,000  or  50,000  feet,  or  perhaps  even  more. 

In  Canada,  as  far  as  our  investigations  have  gone,  the  two  systems  appear  conformity 
to  be  everywhere  conformable  to  one  another ;  but  in  rocks  of  such  ancient  JJ^u^JJ^^ij^n  ^^^ 
date  and  which  have  undergone  such  profound  structural  changes,  owing  to  Huronian  rocks. 
pressure,  etc.,  affecting  alike  the  stratified  and  unstratified  portions,  this  ap- 
pearance may  not  everywhere  indicate  a  truly  conformable  sequence.     The 
manner  in  which  the  Huronian  rocks  occupy  spaces  with  elongated  or  even 
angular  outlines  in  the  midst  of  the  Laurentian  areas  has  been  already  referred 
to.     Both  sets  of  rocks  having  been  thrown  by  lateral  pressure  into  sharp 
folds,  standing  at  high  angles  to  the  horizon,  the  Huronian  often  appear  to  dip 
under  the  older  Laurentian,  but  this  is  merely  the  effect  of  overturning,  and 
does  not  show  that  a  part  of  the  Laurentian  is  newer  than  the  locally  under-, 
lying  Huronian.     Notwithstanding  the  geographical  relations  of  the  two  sets 
of  rocks,  their  general  difference  in  character  and  composition  would  indicate 
that  some  great  change  in  terrestrial  conditions  had  occurred  when  the  forma- 
'  tion  of  the  one  system  ended  and  that  of  the  other  began.     In  the  Laurentian 
an  "  acid ''  or  silicious  composition  prevails,  whereas  the  Huronian  rocks  as  a 
whole  are  more  basic,  chemically  speaking.    The  latter  can  be  shown  to  be  very 
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largely  of  volcanic  origin,  although  this  may  not  always  be  obvioos  at 

sight. 

The  name  Huronian  (derived  from  lake  Huron)  was  first  given  by 

oificers  of  the  Geological  Survey  of  Canada  more  than  forty  years  ago,  an 

has  been  adopted  by  geologists   in  other  countries  as   universally   as 

term  Laurentian,  and  is  made  to  include  all  the  rocks  lying  between  the  ] 

rentian  below  it  and  the  Cambrian  or  earliest  fossiliferous  rocks  above.     It  1 

forms  an  important  and  a  convenient  series,  and  its  position  in  the  geolog 

scale  is  easy  to  recognise. 

HUBONIAN  ABEAS  IN  ONTABIO. 

The  greatest  of  all  our  Huronian  areas  forms  a  wide  belt  extenc 
from  the  south-eastern  extremity  of  lake  Superior  eastward  along  the  n< 
shore  of  lake  Huron,  from  which  it  runs  north-eastward,  widening  oat  tL 
occupies  the  whole  country  between  lake  Temiscaming  and  the  head  water 
the  Montreal  river,  a  breadth  of  one  hundred  miles.  Beyond  this  it  8tret< 
north-westward  across  all  the  branches  of  the  Moose  river,  northward  bey 
lake  Abittibi,  and  north-eastward  almost  to  the  southern  extremity  of  ] 
Mistassini,  a  distance  of  over  600  miles  from  the  outlet  of  lake  Supei 
The  Huronian  area  along  the  Ground-hog  river,  and  Mattagami  lake  oi 
course,  appears  to  be  more  or  less  completely  separated  from  the  great  % 
above  described.  The  next  important  Huronian  district  lies  around  Micfa 
coten  at  the  north-east  angle  of  lake  Superior,  running  for  sixty  miles  ^ 
and  twenty  miles  south  of  that  point,  and  extending  inland  to  Dog  lak< 
distance  of  forty-five  miles.  Another  large  area  stretches  from  the  Pic  rj 
eastward  or  inland  to  Nottamasagami  lake,  and  westward  min{ 
with  granites  and  ^green-stones,  to  Nipigon  bay.  Two  extensive  b 
run  eastward  from  lake  Nipigon,  one  of  which  crosses  Long  lake.  "V 
of  Thunder  bay,  and  stretching  to  the  international  boundary  line,  tl 
is  a  large  area  which  gives  off  arms  to  the  north-east  and  soath-w( 
and  several  belts  and  compact  and  straggling  areas  occur  between 
and  the  Lake-of-the-Woods  basin,  one  of  which  follows  the  course 
the  Seine  river.  The  Lake-of-the- Woods  area,  which  has  been  aire 
alluded  to,  occupies  the  whole  breadth  of  the  northern  division  of  that  li 
An  important  belt  starts  between  EAiny  lake  and  Lake-of-the- Woods, 
running  north-eastward  has  a  breadth  of  forty-five  miles  where  it  crosses 
line  of  the  Canadian  Pacific  railway.  Minnietakie  and  Sturgeon  lakes 
within  this  belt  Huronian  rocks  occur  at  both  ends  of  lake  St.  Josepb 
along  three  sections  of  the  Albany  river,  between  it  and  the  commei 
ment  of  the  Palaaozoic  basin  of  James  bay.  The  probability  that  som 
the  rocks  of  the  Hastings  and  Lanark  region  may  be  classed  with  the  Horoz 
Local  variations,  ^^^^  ^®^  already  mentioned.  The  rocks  of  these  various  areas,  and  of  otl 
beyond  the  limits  of  Ontario,  in  some  cases  show  considerable  variationi 
the  proportions  of  the  different  kinds  of  which  they  are  made  up.  Thi 
only  what  we  would  naturally  expect  where  their  origin  has  been  local 
shown  by  the  rapidly  changing  volumes  of  their  different  components,  altho 
they  may  have  been  nearly  or  quite  contemporaneous.  In  one  area  steati 
serpentines  and  dolomites  are  abundant ;  in  another,  conglomerates,  brec 
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and  some  amygdaloids ;  while  in  others  we  may  find  various  crystalline 
schists,  cherty  and  argillaoeoos  slates,  or  it  may  be  grey  wackds,  quartz-diorites 
and  quartzites,  with  slates  and  conglomerates. 

LOWSB    AND    UPPKB    DIVISIONS. 

Although  it  will  be  difficult  or  impossible  to  draw  any  precise  line  of 
division  applicable  in  all  cases  between  the  lower  and  upper  parts  of  the  ^P^^^  ^^^' 
Huronian  rocks  in  Canada,  yet  for  the  sake  of  convenience  they  may  be  found 
separable,  in  a  general  way,  into  a  lower  and  an  upper  series  or  formation. 
No  horizon  has  yet  been  agreed  upon  at  which  to  draw  the  line  even  locally, 
and  the  difficulty  of  an  exact  definition  of  a  line  is  increased  by  the  rapid 
changes  of  character  in  the  lateral  extension  of  any  portion  of  the  series. 
One  of  the  United  States  geologists  imagined  that  there  was  a  general  want 
of  conformity  between  the  lower  and  upper  parts  of  what  we  had  always 
called  the  Huronian  rocks,  and  that  a  "  basal  conglomerate  "  was  to  be  found 
at  the  contact  of  the  two  divisions ;  but  there  is  no  evidence  whatever  to  bear 
out  this  supposition.     Oonglomerates  are  found  indifferently  throughout  both 
the  lower  and  upper  portions.     It  may  be  a  long  time  before  we  shall  have 
worked  out  these  rocks  sufficiently  to  enable  us  to  represent  them  separately 
on  the  map,  but  in  the  meantime  it  may  perhaps  be  found  convenient  to 
speak  of  one  set  in  a  general  way  as  distinguished  from  the  other.      Dr. 
Lawson  proposed  to  call  the  Huronian  rocks  of  the  Lake-of-the-Woods  region 
the  "  Keewatin ''  (more  correctly  spelled  Kewaitin)  series.    This  has  the  advan- 
tage of  being  a  shorter  name  than  the  Huronian  series  of  the  Lake-of-the-Woods> 
but  there  are  scores  of  other  Huronian  areas  within  the  Dominion  which  are 
equally  deserving  of  local  names.     Looking  at  the  general  geological  map  of 
the  Dominion  and  the  northern  states,  the  Huronian  as  a  whole  is  seen  to 
occupy  always  the  same  place  relatively  to  the  rocks  below  and  above  it,  and 
the  general  equivalency  of  all  these  areas  cannot  be  disputed. 

The  lower  division  consists  largely  of  a  variety  of  crystalline  schists,  in 
which  the  prevailing  color  is  dark  green  or  grey.  Among  these  may  be  PecuUariUet  of 
enumerated  micaceous,  dioritic,  chloritic,  argillaceous,  homblendic,  talcoid,  JfoV.^^^'  ^^^^ 
felsitic,  epidotic,  siliceous,  dolomitic  and  plumbagenous.  There  are  also  crys- 
talline diorites  or  diabases  of  various  shades  of  grey  and  greenish  grey  (mostly 
dark),  argillaceous  and  dioritic  slate-conglomerates,  granites  and  syenites, 
impure,  banded  and  schistose  iron  ores,  dolomites  and  imperfect  gneisses. 
Among  the  commoner  of  the  rocks  of  this  division  are  fine-grained  mica-schists, 
and  dark-green  dioritic  or  homblendic  schists.  Two  kinds  of  conglomerates 
are  also  abundant,  one  having  an  argillaceous  matrix,  with  rounded  pebbles 
of  syenite  and  granite  of  various  kinds  and  of  some  of  the  other  Huronian 
rocks,  but  very  seldom  of  gneiss ;  the  other  with  a  dioritic  matrix,  and  often 
with  rounded  pebbles  also.  But  in  perhaps  the  majority  of  cases  what  were 
formerly  considered  as  pebbles  are  really  concretions  of  a  lenticular  form,  and 
differing  but  slightly  from  the  matrix  in  color  and  composition.  They  are 
best  seen  on  wetted  surfaces  of  cross  sections  of  the  rock,  where  they  appear 
as  parallel  elongated  patches  tapering  to  a  point  at  each  end.  Both 
hematite  and  magnetic  iron  ores  are  common  in  these  rocks,  and  they 
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have  been  largely  worked  in  the  Marquette  and  Republic  districts  in 
An  iron-bearing  Michigan,  and  at  Tower  in  northern  Minnesota ;  but  it  is  only  lately 
that  rich  and  workable  deposits  have  been  found  among  them  in  Ontario, 
although  poorer  ones  have  long  been  known  in  several  localities.  On 
the  Antler  river,  about  100  miles  west  of  Thunder  bay,  there  is  a  very 
heavy  deposit  of  rich  and  pure  magnetite.  Another  is  reported  near  the 
mouth  of  the  Seine,  and  an  extensive  deposit  of  leaner  ore  to  the  east  of 
Wabigoon  lake.  The  late  Professor  R.  D.  Irving  considered  this  feature  of 
the  Huronian  so  important  that,  for  a  short  definition,  he  called  it  "  a  detrital 
iron-bearing  series.''  But  while  the  iron  ores  belong  to  the  lower  division,  he 
attempted  to  restrict  the  name  Huronian  to  some  of  the  upper  portions,  which 
are  not  notably  iron-bearing.  The  iron  ores,  whether  workable  or  not,  are 
generally  accompanied  by  much  red  and  dark  jasper  in  thin  layers.  Gneiss 
is  not  common  in  the  Huronian,  and  it  differd  from  ordinary  Laurentian 
gneiss  in  being  imperfect,  and  also  in  being  invariably  slightly  calcareous  in 
all  the  numerous  cases  which  have  been  tried  by  the  writer.  In  some  instances 
the  felspar  in  it  has  been  noticed  to  be  triclinic,  like  those  of  *the  Upper  Lau- 
rentian. Although  rocks  such  as  have  been  described  as  belonging  to  the 
lower  division  are  largely  developed  in  the  Huronian  areas  to  the  west  and 
north  of  lake  Superior,  they  are  by  no  means  confined  to  these  areas,  but  are 
met  with  in  abundance  in  many  parts  of  the  great  Huronian  area  north  of 
lake  Huron  and  elsewhere. 

In  the  upper  division  probably  the  most  abundant  rock  in  Ontario  is* 
what  may  be  called  a  graywack^,  but  which  in  the  older  reports  was  often 
styled   a  "  slate-conglomerate ; ''  but  it  also  includes   clay -slates,  argillites, 
felsites,  quartzites,  ordinary  conglomerates,  jasper  conglomerates,  breccias, 
dolomites,  serpentine,  etc.     In  some  localities  the  nearly  vertical  bands  of 
quartzite,  having  withstood  denudation  better  than  the  other  rocks,  remain  as 
conspicuous  hills  or  ridges,  and  this  circumstance  has  caused  their  relative 
volume  in  the  series  to  be  over-rated  by  superficial  observers.     Within  the 
province  of  Ontario  these  quartzites  are  most  strongly  developed  near  the  height- 
of -land -between  lakes  Abittibi   and  Temiscaming,  and  from  the  latter  lake 
westward  to  the  headwaters  of  the  Montreal  river.     They  are  also  common 
in  the  belt  along  the  north  shore  of  lake  Huron,  especially  in  its  eastern  part. 
The  grey  wack^  so  abundant  in  the  Huronian  regions  where  the  quartzites  are 
chiefly  found  is  composed  of  a  matrix  of  grains  of  felspar  and  quartz,  together 
with  crystaline  fragments  of  the  two  minerals  (or  a  quartz-felspar  rock)  of  all 
sizes  from  mere  grains  and  chips  up  to  those  of  pebbles,  cobble-stones  and  boul- 
ders.  These  may  be  widely  scattered  in  the  matrix  or  crowded  closely  together, 
leaving  only  the  interspaces  to  be  filled  by  the  finer  debris.     The  fragments 
are  sometimes  quite  angular ;  at  others  more  or  less  rounded.    This  is  the  pre- 
vailing rock  around  lake  Temagami,  and  is  also  abundant  in  the  whole  region 
drained  by  the  Montreal  river.     It  is  also  found  all  the  way  southward  to  lake 
Huron,  but  in  this  direction  it  is  often  associated  with  stratified  quartzoae- 
diorites  and  rocks  intermediate  between  the  two.     The  origin  of  the  quartzites 
appears  to  be  connected  with  rocks  of  the  above  kinds.     The  fact  of  their  occor- 
rence  chiefly  in  the  same  regions  and  in  association  with  them  would  suggest 
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this,  but  there  is  also  direct  proof  leading  to  the  same  conclosioiL  The  materials 
forming  these  grejwack^s  and  the  stratified  qnartzose-diorites  have  been  derived 
from  volcanic  sources,  and  coming  into  contact  with  water  the  quartz  grains 
have  been  by  some  process  separated  from  the  other  constituents.  In  the 
immediate  vicinity  of  the  parent  rocks,  beds  compelled  more  or  less  com- 
pletely of  these  grainii  are  to  be  found  interstratifying  other  beds  formed  out 
of  the  other  constituents.  Sometimes  these  beds  are  quite  thin  and  shade  off 
vertically  into  one  another,  or  alternate  in  great  numbers  within  a  limited 
section.  Numerous  examples  of  this  arrangement  may  be  seen  in  the  town- 
ship of  Denison  and  the  surrounding  country.  At  greater  distances  the  p^_^  ^  ^^^ 
quartz  grain%are  concentrated  in  larger  volume  forming  quartzites,  while  the  qu^rtsitcs. 
other  ingredients  make  up  the  associated  felsitic  and  argillaceous  slates  with 
layers  of  hornblende.  The  Huronian  quartzites  all  contain  grains  of  felspar 
in  proportions  varying  from  widely  scattered  particles  up  to  about  one-half 
their  volume.  Hand  specimens  of  the  latter  variety  bear  a  strpng  resemblance 
boUi  in  color  and  composition  to  rather  fine-grained,  reddish  and  greyish 
granites  or  quartz -syenites ;  but,  besides  the  stratification  on  the  larger  scale, 
the  internal  structure  of  the  rock  is  distinctly  clastic  or  f  ragmental.  Examples 
of  these  highly  felsitic  quartzites  are  to  be  met  with  throughout  the  country 
north  of  lake  Huron.  The  coarser  varieties  are  strikingly  developed  in  the 
highest  of  the  quartzite  mountains  north-westward  of  the  northern  outlet  of 
lake  Temagami.  In  this  connection  it  is  worth  mentioning  that  the  quartzite 
beds  often  found  in  the  vicinity  of  the  phosphate  deposits  of  the  Upper 
Laurentian  formation  in  the  county  of  Ottawa  also  contain  grains  of  felspar 
nore  or  less  abundantly  disseftiinated,  showing  that  they  were  probably 
deposited  in  a  mechanically  mixed  condition. 

The  formation  of  the  quartzites  being  thus  apparently  connected  with 
the  greywack^s  and  quartzose-diorites,  they  too  would  seem  to  partake  of  the 
general  igneous  history  of  the  whole  system,  which,  however,  is  more  ign«otw 
obvious  in  many  of  its  other  varieties  of  rocks.  This  igneous  character  is  syttem. 
further  proved  by  the  large  masses  or  areas  of  greenstones  (diorites  or 
diabases),  granites,  syenites  and  otlftr  eruptive  rocks  which  are  so  largely 
mingled  with  both  the  lower  and  upper  portions  of  the  Huronian  system  in 
all  parts  of  their  distribution,  forming  indeed  one  of  its  characteristic  features. 
The  crystalline  greenstones  occur  either  as  compact  areas,  wide  elongated 
masses,  dykes  or  thick  interstratifying  beds,  in  nearly  all  the  Huronian  areas. 
In  many  cases  the  dioritic  schists  may  have  been  originally  massive,  but 
assumed  the  cleaved  structure  by  pressure  when*  incorporated  among  stratified 
masses.  The  commonest  position  of  the  granite  and  syenite  areas  is  within 
but  towards  the  borders  of  the  Huronian  tracts ;  but  they  sometimes  occur 
in  the  Laurentian  country,  in  their  immediate  vicinity  or  at  a  distance  from 
them  in  the  direction  of  the  longer  axis  of  the  Huronian  areas. 

An  attempt  has  been  made  quite  lately  among  some  American  geologists 
to  restrict  the  name  Huronian  to  rocks  like  some  of  those  north  of  lake  Huron, 
although  Sir  William  Logan  and  his  colleagues  in  introducing  the  term 
originally  described  it  as  applying  equally  to  the  dark  greyish  and  greenish 
schists,  conglomerates,  diorites,  etc.     The  more  extended  investigations  which 


22 


^he  metallifer- 
ous system  of 
•Ontario. 


-Oocurrence^of 
Iron  ores. 


fiocalities. 


have  since  been  made  in  Canada  and  other  parts  of  the  world  have  confirmed 
the  propriety  and  convenience  of  including  under  this  name  all  the  rocks 
which  had  been  originally  described  as  Huronian. 


THE    HBTALLIFKBOUS    SERIES. 


The  Huronian,  as  above  defined,  ia  the  great  metalliferous  system  of 
Ontario,  and  indeed  of  all  Canada,  and  hence  its  great  importance  in  the 
economic  geology  of  the  country.  The  whole  series  is  more  or  less  metalliferous, 
but  the  various  ores  are  not  uniformly  distributed,  some  occurring  in  one 
region  or  in  some  special  stratum,  while  others  may  prevail  in  another  section 
of  country  or  in  a  different  horizon  in  the  series.  Besides  metallic  ores,  the 
Huronian  also  contains  various  rocks  and  non-metallic  minerals  of  value. 


IBON. 


Iron  appears  to  occur  most  frequently  in  the  lower  or  schistose  portioni 
of  the  system.     At  one  place  examined  by  the  writer  on  the  Antler  river, 
about  100  miles  west-north-west  of  Port  Arthur,  there  is  a  large  deposit 
of  magnetite  of  fine  quality.     In  the  widest  part  there  are  three  beds, 
each  about  fifty  feet  in  width,  separated  from  each  other  by  only  narrow 
bands  of  rock,  running  with  the  general  course  of  the  belt  to  which  they 
belong.     The  deposit  shows  workable  quantities  of  ore  at  intervals  for  about 
three  miles,  and  is  traceable  for  about  five  miles.     No  jasper  was  observed  at 
this  locality.     Another  rich  deposit  is  reported  to  have  been  discovered  on 
the  Seine  river,  near  its  mouth,  and  one  of  lower  grade  ore  at  a  straggling  lake 
at  no  great  distance  south-eastward  of  Wabigoon  lake.  The  iron  ores  associated 
with  jasper  which  have  been  found  on  the  southern  part  of  Hunter's  island  and 
near  Gunflint  lake  appear  to  belong  to  a  contihuation  of  the  belt  in  which  the 
rich  deposit  of  Tower,  in  the  adjoining  state  of  Minnesota,  occurs.     A  belt  of 
fine-grained  magnetite  in  thin  layers,  alternating  with  equally  thin  layers  of  red 
jasper,  was  found  and  described  by  the  writer  in  1869  in  the  hills  on  the  east 
side  of  the  Kaministiquia  river,  just  below  the  place  where  it  is  now  crossed  by 
the  Canadian  Pacific  railway.*     During  the  same  season  Mr.  Peter  McKellar, 
while  assisting  the  writer  to  make  a  topographical  and  geological  survey  of  lake 
Nipigon,  found  a  deposit  of  hematite  on  its  eastern  side,  near  Stui*geon  river. 
A  common  form  of  iron  ore  in  the  Huronian  rocks  consists  of  thin  layers  of 
magnetite,  or  occasionally  of  hematite,  alternating  with  similar  layers  of  com- 
pact or  fine-grained  grey  quartz  in  the  same  manner  as  the  jasper  just  described. 
These  layers  vary  from  one^ixteenth  of  an  inch   to  an  inch  and  more  in 
thickness,  but  are  usually  from  about  one-eighth  to  one-half  an  inch.     These 
ores  sometimes  occur  in  large  quantities,  and  although  too  poor  to  work  (unless 
some  economic  process  should  be  discovered  for  separating  the  magnetite  from 
the  rock),  they  are  nevertheless  worth  careful  examination  in  the  hope  of 
finding  the  ore  in  a  more  concentrated  form  in  some  parts.     Ores  of  this 
character  or  of  a  similar  class,  as  far  as  their  economic  value  is  concerned,  have 
been  found  at  the  following  localities  : 

South-west  arm  of  Red  lake,  northward  of  Lake -of -the- woods. 

Township  of  Moss. 

Near  the  height-of-land,  south-west  of  the  head  of  lake  St.  Joseph,  loose. 

*  See  Geological  Survey  Report  for  1869. 
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Near  Litde  Long  lake,  west  of  the  north  end  of  Long  lake. 

Albany  river,  near  the  junction  of  £tow-i-uiami  river. 

The  largest  of  the  Slate  islands,  lake  Superior. 

Oros  Gap,  near  Michipicoten. 

Oka  or  Pickerel  river,  west  of  Michipicoten,  reported. 

Jackfish  bay,  reported. 

Near  Montreal  river,  lake  Superior,  reported. 

IN^orth  of  Batchawana  bay  on  the  Peter  Bell  location,  and  in  larger  quantities  at 

the  head  of  Pancake  river. 
In  one  of  the  south-western  bays  of  Temagami  lake. 
At  a  small  lake  north  of  the  eastern  arm  of  Temagami  lake. 
Quinze  rapids  and  Opazatika  lake,  above  lake  Temiscaming. 
At  Abittibi  lake. 

The  lean  iron  ores,  composed  of  thin  layers  of  magnetite  interstratifying 
others  of  a  siliceous  rock,  in  the  township  of  Dalhoosie,  Lanark  county,  and 
adjacent  regions  are  also  of  this  class,  and  they  form  another  link  connecting 
the  rocks  of  this  district  with  the  recognised  Huronian.  The  iron  mines  of 
•eastern  Ontario  which  were  visited  by  the  Oommissioners  are  described  in 
another  part  of  this  report. 

OOPPBB  AND  NIOKBL. 

Copper  is  very  generally  diffused  throughout  the  Huronian  rocks,  but 
the  principal  deposits  heretofore  worked,  those  of  the  Bruce  Mines  and  the 
Sudbury  r^on,  are  associated  with  rocks  of  the  supposed  upper  division. 
At  the  former  locality  the  workinsn  extended  for  nearly  two  miles  across  the  Bmoe  midm  and 

.  Sudbtuyragioat. 

Bruce,  Wellington  and  Huron  Copper  Bay  locations.  They  were  carried  on 
•chiefly  upon  two  east  and  west  quartz  lodes  cutting  greenstone,  the  Main  lode 
varying  from  about  three  to  fifteen  feet  in  thickness,  while  the  other,  called 
the  New  or  Fire  lode,  is  a  branch  of  this.  The  workings  extended  to  a 
depth  of  about  seventy  fathoms  in  many  parts.  The  ore  was  mainly  copper 
pyrites,  but  a  good  deal  of  the  purple  sulphide  was  found  near  the  surface. 
Operations  were  carried  on  from  1846  to  1876,  and  the  gross  value  of  the  out- 
put was  ascertained  by  the  writer  (through  the  courtesy  of  Captain  Plummer 
and  others)  to  be  about  $3,300,000. 

Copper  in  the  form  of  the  yellow  sulphide,  associated  with  pyrrhotite  or 
grey  magnetic  iron  pyrites,  is  met  with  in  considerable  quantities  in  a  num- 
ber of  localities  around  Sudbury  Junction,  on  the  Canadian  Pacific  railway,  and 
thence  along  the  Sault  Ste.  Marie  branch  to  the  Spanish  river.  As  far  as  they 
have  been  tested  these  ores  also  contain  sulphide  of  nickel,  often  in  quantities 
which  should  pay  to  extract.  .The  ore  in  this  region  is  associated  with  anitsmodeof 
obscurely  stratified  greenstone,  and  its  mode  of  occurrence  is  apparently  that  th^sudb^° 
of  large  masses  and  "  impregnations,"  having  roughly  lenticular  forms  and  ^^"^^ 
following  fahlbands  which  are  rudely  comformable  with  the  general  stratifica- 
tion of  the  country  rocks.  These  masses  enclose  many  '*  boulders  "  or  frag- 
ments of  all  sizes  of  greenstones  and  greywack^,  which  are  often  finely 
impregnated  with  copper  and  iron  pyrites.  Most  of  the  ore  is  low  grade, 
but  in  the  midst  of  this  considerable  bunches  of  pure  copper  pyrites  occur, 
while  on  the  other  hand  some  portions  consist  of  almost  pure  pyrrhotite. 
The  country-rock  in  this  neighborhood  everywhere  dips  at  high  angles,  or  is 
nearly  perpendicular,  and  the  ore-masses  follow   these   inclinations.      An 
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important  feature  of  these  masses  is  their  great  size,  so  that  although 
the  average  percentage  of  copper  and  nickel  is  low  (yet  sufficient  for 
profitable  working),  the  quantity  is  so  large  as  to  give  promise  of  great 
productiveness. 

Copper  ore  was  first  discovered  in  this  district  in  1882,  during  the  con- 
struction of  the  Oanadian  Pacific  railway,  at  a  point  on  the  main  line  (since 
called  the  Murray  mine)  about  three  miles  north-west  of  Sudbury  JonctioBe 
This  was  soon  followed  by  the  finding  of  the  Stobie  mine,  three  and  a  half 
miles  north,  and  the  Copper-olifi^  mine  an  equal  distance  to  the  south-west  of 
the  junction.'  At  the  Stobie  mine,  which  is  worked  as  an  open  quarry,  an 
ore-mass  of  the  nature  above  described  appears  to  have  a  thickness  of 
upwards  of  a  hundred  feet  and  it  has  been  traced  south-westward  on  the 
strike  as  a  series  of  lenticular  copper-bearing  masses,  separated  by  pinched 
intervals,  for  a  distance  of  a  mile  and  a-half.  The  Oopper-cliff  mine  ahowa 
a  vein-like  deposit  of  mixed  pyrites  about  ten  feet  wide,  containing  a  higher 
percentage  of  copper  than  the  Stobie  ore,  and  also  a  number  of  the  lens^ 
shaped  ore-masses.  It  has  been  worked  to  a  depth  of  over  400  feet  on 
the  slope  and  has  yielded  a  large  quantity  of  good  ore.  The  Evans  mine 
is  about  a  mile  south-south-west  of  the  Copper-cliff.  Here  the  ore-bearing 
mass,  as  proved  by  the  diamond  drill,  appears  to  be  nearly  100  feet  thick^ 
but  it  consists  largely  of  pyrrhotite,  rich  in  nickel.  In  the  township  of 
Denison  a  vein  of  copper  pyrites,  with  a  high  percentage  of  nickel  in 
some  partSy  has  been  opened  by  the  Yermilion  Mining  company  on  lot  6 
of  the  4th  concession ;  and  on  the  line  between  the  5th  or  Krean  lot  and 
the  4th  or  McConnell  lot,  both  in  the  5th  concession,  and  at>out  a  mile  to 
the  north-north-east  of  the  Yermilion  mine,  the  surface  appearances  indicate 
a  promising  deposit  of  copper  ore  similar  to  those  near  Sudbury,  but  no 
mining  has  yet  been  done  at  this  locality. 

The  discovery  of  nickeliferous  copper  pyrites  around  Sudbury  recalled 
the  fact  that  similar  ore  had  been  found  nearly  forty  years  before  at  tho 
Wallace  mine,  on  the  shore  of  lake  Huron  near  the  mouth  of  -the  Whitefish 
The  deposits  at  the  two  localities  appear  to  lie  in  the  same  geological 


river. 


honzon,  and,  in  following  the  general  strike  of  the  rocks  north-eastward  from 
the  Wallace  mine,  ores  of  copper  have  been  found  near  the  west  end  of  lake 
Panache,  in  the  townships  of  Drury,  Denison,  Graham,  Waters,  Snider, 
McKim  and  Blezard,  on  the  west  side  of  jbhe  Wahnapitss  lake,  near  the 
north  end  of  Lady  Evelyn  lake,  on  Montreal  river,  on  Blanche  river,  at 
a  place  near  the  height-of-land  not  far  east  of  the  canoe-route  from  lake 
Temiscaming  to  Abittibi  lake,  and  finally  near  the  south  end  of  lake 
Mistassini.  This  will  probably  prove  to  be  a  copper-producing  region  of 
vast  importance  in  the  future,  of  which  the  present  discoveries  are  only  the 
first  indications.  Copper  has  been  found  in  many  other  places  in  the 
Huronian  rocks  of  Ontario,  and  these  will  be  referred  to  further  on^ 
in  the  list  of  localities  of  this  metal,  but  the  foregoing  short  descriptions* 
will  serve  to  give  an  idea  of  its  two  principal  modes  of  occurrence  in  these 
rocks. 
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GOLD. 

Gold  promifles  to  become  an  important  product  of  oar  Haronian  rocks, 
notwithstanding  the  fact  that  only  partial  success  has  attended  the  efforts 
heretofore  made  to  mine  and  extract  it.  If  we  include  the  gold-bearing  rocks  If^recentg^d^^ 
of  the  Hastings  region  amongst  the  Haronian,  it  becomes  doubtful  if  the  *^i««>^«^^ 
precious  metal  has  been  found,  except  in  the  merest  traces,  in  any  other 
formation,  l^ot  long  ago  the  occurrence  of  gold  was  unknown  in  Ontario 
beyond  the  traces  which  had  been  found  in  assaying  the  silver  and  copper  ores 
of  Prince's  location,  of  Michipicoten  island,  and  the  vein-stuff  of  the  Bruce 
mines ;  but  now  it  has  been  discovered  in  so  many  and  such  widely  separated 
localities  in  the  province,  and  in  some  cases  under  such  promising  conditions, 
that  it  is  highly  probable  that  successful  gold  mines  will  be  established  after 
more  thorough  tests  have  been  made. 

The  first  discovery  of  gold  in  notable  quantity  was  made  in  1871  by 
Mr.  Peter  McKellar  (following  up  a  clue  obtained  from  an  Indian)  near 
Jackfish  lake,  at  what  is  now  called  the  Huronian  mine,  situated  on  location  The  Hutantan 
HI  in  the  township  of  Moss.  It  here  occurs  in  a  true  and  persistent  vein  ^^ 
from  6  to  8  feet  wide,  of  which  from  2  to  5  feet  are  quartz,  the  rest  being 
incorporated  schist  The  country-rock  consists  of  interbedded  talcoid,  chloritic, 
dioritic  and  a  little  dolomitic  schist,  siliceous  magnetite  and  massive  diorite, 
all  dipping  north-west  at  angles  of  65°  to  80°.  The  vein  runs  north-eastward, 
cutting  the  strata  at  a  small  angle  and  underlying  to  the  north-west  side  at 
an  inclination  of  15°  from  the  perpendicular.  Intrusive  syenite  appears  about 
a  mile  to  the  north-east  of  the  mine,  and  this  may  have  had  something  to 
do  with  t]|e  anrichment  of  the  vein.  The  gold  occurs  free  and  as  sylvanite 
(or  telluride  of  gold)  associated  with  galena,  iron  and  copper  pyrites  and 
blende,  which,  with  the  white  quartz,  constitute  a  beautiful  looking  ore.  A 
10-stamp  mill  was  erected  in  1883  at  great  expense,  on  account  of  the  diffi- 
culties of  transportation,  and  in  1884  some  mining  and  milling  were  done. 
The  gold  secured  is  understood  to  have  been  equal  to  $21  to  the  ton,  which 
was,  however,  far  short  of  the  whole  amount  contained  in  the  ore.  Work 
was  resumed  for  three  or  four  months  in  1885,  but,  from  the  want  of  proper 
means  of  transportation  to  the  mine,  operations  are  for  the  present  suspended. 
Openings  have  been  made  and  similar  ore  obtained  from  a  continuation  of  the 
same  vein,  called  the  Highland  mine. 

Gold  was  discovered  on  Lake-of -the- Woods  in  1878,  or  earlier.  In  the 
writer's  Geological  Survey  report  for  1881,  page  15c,  it  is  stated  that  "  in 
1879  I  was  presented  by  Mr.  J.  Dew^  with  a  specimen  from  Hay  island,  of  Ooid  locations 
white  quartz  containing  needle-like  crystals  of  hornblende  with  a  little  calc-  Woods *^ 
spar,  which  showed  distinct  specks  of  gold.  It  was  assayed  by  Mr.  Hoffmann, 
chemist  to  the  survey,  and  found  to  contain  37.318  ounces  of  gold  and  1.431 
ounces  of  silver  to  the  ton  of  2,000  pounds."  During  the  succeeding  four 
or  five  years  some  mining  was  done  at  a  few  places  around  the  northern  part  of 
this  lake,  and  in  some  instances  with  the  prospect  of  ultimate  success,  but 
owing  to  the  impossibility  of  obtaining  titles,  on  account  of  the  dispute 
b  etween  the  Dominion  and  the  Ontario  governments  as  to  the  ownership  of  the 
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territory,  it  was  impossible  to  obtain  sufficient  capital  and  no  thorough  test 
has  yet  been  made  to  determine  the  real  productiveness  or  otherwise  of  any 
of  the  mines.  Trials  have  been  made  at  several  promising  places,  such 
as  Sultana  island,  the  Winnipeg  Consolidated  and  the  Pine  Portage  proper- 
ties, and  now  that  the  matter  of  title  is  set  at  rest  there  is  a  probability  that 
work  will  be  prosecuted  on  a  sufficient  scale  to  determine  the  question  whether 
gold  is  to  be  found  in  this  region  in  paying  quantities  or  not.  It  occurs  both 
free  and  in  combination  with  sulphides  in  veins  of  quartz  more  or  less  split 
up  and  interrupted,  cutting  green  schists  and  not  far  from  masses  of  syenite. 
These  deposits  would  appear  to  lie  towards  the  bottom  of  the  series  as  deve- 
loped at  the  Lake-of-the-Woods.  Specimens  of  free  gold  in  quartz  have 
been  shown  to  the  writer  as  having  been  obtained  not  far  from  Tach^,  on  the 
Canadian  Pacific  railway. 

At  Partridge  lake,  a  short  distance  west  of  Lao-des-Mille-Lacs,  gold  was  dis- 
covered in  1872  by  Mr.  Archibald  McKellar  in  a  large  vein  of  quartz  cutting 
Huronian  schist  on  an  islet,  and  also  in  large  veins  of  the  same  material  in 
the  strike  of  this  one  on  either  side  of  the  lake.  Assays  of  the  quartz  from 
both  the  islet  and  the  mainland,  which  were  made  by  Dr.  Girdwood,  showed 
from  1  to  1^  ounces  of  gold  to  the  ton.  A  number  of  small  nuggets  were 
obtained  by  breaking  up  the  quartz  on  the  islet  by  both  Mr.  McKellar  and 
Mr.  W.  W.  Eussell,  and  shown  at  the  Philadelphia  exhibition  in  1876.  This 
locality  was  visited  by  the  writer  last  summer  on  behalf  of  the  Oommission, 
and  samples  of  the  quartz  and  photographs  of  the  outcrop  of  the  vein  were 
obtained. 

In  1875  Mr.  Donald  McKellar  found  small  nuggets  of  gold  ftk  a  vein 
of  quartz  cutting  reddish  granite  at  Victoria  cape  on  the  western  side  of 
tJackfish  bay,  on  the  north  shore  of  lake  Superior.  Another  vein  of  quartz 
1^  to  3^  feet  thick,  holding  iron  pyrites,  galena  and  blende  and  cutting  the 
granite  in  close  proximity  to  slaty  diorite  at  this  locality,  yielded  on  assay 
$27  worth  of  gold  per  ton. 

The  Commissioners  were  credibly  informed  that  gold  associated  with 
iron  pyrites  had  been  discovered  in  quartz  veins  between  Goulais  and  Bat* 
chawana  bays,  at  the  east  end  of  lake  Superior,  and  also  on  a  small  island  near 
the  shore  of  lake  Huron,  north  of  Lacloche  island.  Traces  of  the  metal  have 
been  found  by  assay  in  the  laboratory  of  the  Geological  Survey  in  quarts 
from  veins  near  the  north  end  of  Temagami  lake,  and  from  Cross  lake  to 
the  south  of  this  sheet  of  water. 

At  the  Vermilion  gold  mine  on  lot  6  in  the  4th  concession  of  the  township 
of  Denison,  in  the  Sudbury  district,  coarse  free  gold  was  found  at  and  near 
the  surface  in  a  vein  of  light  grey  granular  quartz  about  two  feet  thick,  run- 
ning north-eastward,  and  cutting  grey  or  ash-colored  gre3rwack^,  bearing  a 
close  resemblance  to  the  '* whin-rock"  of  the  Nova  Scotia  gold  diafcricts. 
The  gold  was  so  thickly  disseminated  in  one  part  of  the  vein  as  to  hold  together 
fragments  of  the  quartz  after  they  had  been  fractured  by  the  hammer.  On 
the  same  lot  a  ridge  of  greyish  diorite  rises  a  short  distance  to  the  south- 
east of  this  vein,  and  a  few  specks  of  gold  were  seen  by  the  writer  in  the 


Ttddst  of  iron-stained  spots  on  the  weathered  surface  of  this  rock.  Visible 
-^old  is  said  to  have  been  found  also  in  a  quartz  vein  at  the  east  end  of  the 
!Indian  reserve  on  the  south  side  of  the  mouth  of  the  Spanish  river. 

Gold  was  discovered  in  the  summer  of  1888  on  a  point  on  the  southern 
sshore  of  lake  Wahnapitse,  between  the  two  deep  bays  on  that  side  of  the  ^^  ^^  ^^^ 
iake.  It  occurs,  as  far  as  could  be  observed  by  the  writer,  who  visited  the  wahiupiue. 
place  in  September,  in  several  narrow  veins  of  white  quartz  cutting  a  highly 
ielspathic  reddish  quartzite,  resembling  fine  grained  granite,  but  distinctly 
clastic  or  fragmental  in  origin.  No  single  vein  or  group  of  small  veins  could 
be  traced  far,  but  where  any  of  them  gave  out  others  were  observed  to 
commence  not  far  off.  They  are  *'  bound "  veins,  or  adhere  closely  to  the 
wall-rock,  or  are,  as  it  were,  fused  into  it.  One  of  these  little  veins  shows  a 
good  deal  of  mispickel  and  some  iron  pyrites  in  crystals  along  one  side  of  it. 
An  assay  of  a  sample  from  this  vein,  made  by  Mr.  Hoffmann,  chemist  of  the 
<^^logical  Survey,  yielded  at  the  rate  of  5.425  ounces  of  gold  and  0.233  of  an 
^unce  of  silver  to  the  ton  of  2,000  pounds,  while  the  quartz  from  another  of 
i^hese  veins  showed  neither  gold  nor  silver.  The  visible  gold  of  these  veins 
occurs  as  specks  and  small  nuggets  in  the  quartz.  It  is  also  said  to  have 
been  detected  in  the  wall-rock  apart  from  the  veins,  and,  if  so,  this  circum- 
stance may  prove  to  be  of  great  importance,  for  if  it  should  be  found  to  pay 
«t  all  to  treat  the  whole  mass,  great  profits  might  be  realised  by  doing  so  on  a 
large  scale.  The  rock  at  this  locality  resembles  that  of  the  famous  Tread-  SJSJ'rreSweii 
well  mine  on  Douglas  island  in  Alaska,  both  in  composition  and  in  the  manner  "^•»  AUtkA. 
of  the  occurrence  of  the  small  adherent  quartz  veins,  but  the  latter  rock 
is  almost  white  and  ia  dotted  with  small  particles  of  iron  pyrites.  A  micro- 
scopic examination  of  the  ore  of  the  Tread  well  mine,  which  has  just  been 
made  by  Mr.  F.  D.  Adams  of  the  Geological  Survey,  shows  it  to  consist  of  a 
rgranite-like  rock  in  which  the  clastic  character  may  be  due  to  a  process  of 
-crushing  after  its  solidification.  Although  the  rock  of  the  Tread  well  mine 
jields  only  about  $5  worth  of  gold  to  the  ton,  immense  profits  are  made  by 
-stamping  and  treating  it  in  large  quantities,  and  it  is  in  this  direction  rather 
^han  in  the  great  richness  of  small  quantities  that  we  must  look  for  profitable 
^Id  mines  in  our  Huronian  rocka  It  may  be  here  remarked  that  gold  ib 
said  to  have  been  profitably  extracted  from  two  mines  in  Huronian  rocks  on 
^he  south  side  of  lake  Superior. 

In  the  early  part  of  August,  1866,  gold  was  discovered  by  a  man  named 
Powell  and  a  Dutch  miner  on  the  eastern  part  of  lot  18,  range  5,  in  the 
^wnship  of  Madoc,  belonging  to  Mr.  J.  Richardson,  who,  however,  did  not  c^oid  in  the 
Tecognise  it  as  the  precious  metal  till  informed  of  the  fact  by  the  late  Mr.  H.  G. 
Tennor  of  the  Geological  Survey,  who  was  then  working  in  the  neighborhood. 
Mr.  Yennor  in  his  report  for  that  year,  addressed  to  Sir  William  Logan, 
•described  the  gold  as  occurring  in  *'  a  series  of  crevices  or  openings  in  a  Richutisoii 
gold-bearing  bed,  formed  of  chloritic  and  epidotic  gneiss  (or  schist)  holding     ^^' 
patches  of   dolomite  and  calcspar,  the  openings  being  nothing  more  than 
such  as  are  so  often  met  with  in  the  dolomites  and  calc-schists  of  this  region.'' 
The  gold  was  found  along  with  particles  of  black  carbonaceous  matter  in  a 
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brown  fermginoas  earth  filling  the  longitudinal  crevices,  paralled  to  the 
bedding,  one  of  which  had  been  strack  at  a  depth  of  4  and  another  at  15  feet 
from  the  surface  at  the  time  of  Mr.  Yennor's  visit.  Numerous  small  nuggets 
were  also  found  enclosed  in  the  adjacent  dolomite  and  calcspar.  The  strata  here 
dip  nearly  Uue  north  at  au  angle  of  45*",  and  the  gold-bearing  bed  is  "  over- 
laid hj  a  siliceous  ferruginous  dolomite  and  underlaid  by  a  band  resembling 
an  impure  steatite."  Its  geological  position  is  not  far  above  the  iron-bearing 
belt  of  that  region.  The  Eichardson  mine  has  been  workiid  at  difierent  times- 
since  the  above  date,  and  a  good  deal  of  gold  extracted  from  it. 

This  discovery  was  followed  by  many  others  of  the  precious  metal  which 
have  been  made  at  different  times  in  the  townships  of  Marmora,  Madoc, 
Elzevir,  Kalsidar,  Lake  and  Tudor,  and  there  is  now  a  probability  of  gold- 
mining  becoming  an  established  industry  in  this  region.  One  of  the  most 
notable  of  the  attempts  at  gold  mining  in  the  district  is  that  at  the  Gatling 
(since  called  the  Canada  Oonsolidated)  mine  in  the  township  of  Marmora, 
The  gold  here  occurs  in  veins  of  quartz  containing  much  mispickel  and 
cutting  a  crushed  syenite  or  a  mixture  of  schist  and  syenite,  close  to  a  large 
area  of  the  latter  rock.  Assays  of  twelve  different  samples  of  the  ores  of 
this  mine  gave  an  average  of  1.9107  ounces  or  $39.47  to  the  ton  of  2,000 
pounds.  In  spite  of  this  richness,  the  difficulty  of  separating  the  gold  from 
the  sulphide  of  arsenic  is  so  great  that  only  partial  success  has  attended  the 
working  of  the  mine^  after  the  expenditure  of  a  large  sum  of  money  in 
buildings,  machinery,  working  the  mine  and  experimenting. 

A  considerable  quantity  of  gold  has  been  extracted  from  the  Gladstone 
and  Feigle  mine,  situated  on  the  continuation  of  the  same  set  of  veins  as  the 
Canada  Consolidated,  at  a  distance  of  two  or  three  miles  to  the  northward 
of  it.  Another  mine  called  the  Dean  and  Williams  on  lot  8,  range  9  of 
Marmora,  about  a  mile  and  a-half  southward  of  the  Canada  Consolidated, 
was  worked  for  a  time  with  some  success.  At  present  it  is  reported  that  from 
six  to  eight  dollars  worth  of  gold  per  ton  are  being  extracted  at  the  Guinard 
mine,  in  Kaladar,  from  a  set  of  small  quA*tz  veins  cutting  a  rock  which  is. 
described  as  a  conglomerate  with  quartz  pebbles  in  a  matrix  of  micaceous 
schist. 

Some  veins  have  been  discovered  in  the  Huronian  rocks  containing  silver 
in  promising  quantities — sufficiently  so  at  any  rate  to  warrant  the  search  for 
more.  The  vein  at  the  Huronian  mine  is  a  case  in  point,  but  the  silver 
there  was  pratically  overlooked  in  the  efforts  to  extract  the  gold.  The  3A 
mine  on  the  north  shore  of  Thunder  bay  was  opened  on  a  vein  of  quartz  and 
bitter-spar  from  IJ  to  2i  feet  wide  and  running  about  east-north-east,  or 
parallel  to  the  strata,  which,  according  to  Mr.  Peter  McKellar,  here  "  con- 
sist of  thick  beds  of  diorite  and  fine  grained  greenish-grey  slates,  some  of 
which  are  chloritic,  talcose,  calcareous  and  ferruginous,  with  some  serpentine 
alongside  of  and  in  the  vein."  Dark  greyish  red  syenite  is  met  with  a  short 
distance  to  the  south.  The  silver  occurs  both  native  and  in  combination  with 
sulphur  and  nickel,  and  it  is  associated  with  iron  and  copper  pyrites,  galena 
and  blende.     There  is  also  a  small  proportion  of  gold  along  with  the  silver^ 


29 


This  vein  was  discovered  in  1870.  Active  operations  were  begun  early  in  the 
spring  of  1873,  and  after  having  been  worked  to  a  depth  of  about  150  feet 
and  yielding  several  thousand  dollars'  worth  of  silver  in  the  form  of  bunches  of 
very  rich  ore,  work  was  suspended  in  the  spring  of  1874.  Two  veins  were  h®'**"^^- 
discovered  in  1872  within  a  mile  of  Heron  bay  and  close  to  the  Pic  river, 
which,  judging  from  the  ore  brought  to  the  shore  of  lake  Superior  and 
examined  by  the  writer,  bear  a  strong  resemblance  to  that  of  the  Huronian 
mine.  The  width  of  each  is  given  by  Mr.  Peter  McKellar  as  ranging  from 
a  foot  to  four  feet  at  the  surface.  They  lie  in  a  large  Huronian  area  and 
are  described  as  cutting  talcoid  and  chloritic  schists,  while  a  boss  of  intrusive 
granite  rises  beside  the  Pic  river  at  no  great  distance  to  the  eajstward,  giving 
&n  additional  point  of  resemblance  to  the  surroundings  of  the  Huronian 
mine.  One  of  the  veins  runs  east-north-east  with  the  stratification,  while 
the  other  strikes  nearly  north  and  south.  At  a  depth  of  40  feet  the  latter 
had  opened  out  to  5  or  6  feet  in  width.  The  gangue  in  both  veins  consists 
of  bitter-spar  and  quartz,  and  contains  galena,  blende,  iron  and  copper 
pyrites,  together  with  gold  and  silver,  ranging  from  traces  up  to  about 
$70  worth  of  each  to  the  ton,  according  to  assays  made  by  Mr.  McDer- 
mid,  who  was  assay er  at  the  Silver  Islet  mine  at  the  time  the  above  work 
was  done. 

GALENA. 

The  Victoria  argentiferous  galena  vein,  situated  near  Garden  river  and 
about  eight  miles  north  from  its  mouth,  occurs  in  Huronian  rocks.  It  runs 
about  north-north-west,  parallel  to  the  western  side  of  an  extensive  mass  of  Garden  river. ' 
very  fine-grained  reddish-grey  granite  or  quartz-felspar  rock,  from  which  it  is 
separated  by  a  few  feet  of  glossy  green  schist  and  tough  green  trappean  rock, 
some  of  the  latter  approaching  the  character  of  an  amygdaloid.  'Work  was 
commenced  at  the  Victoria  mini  in  1875,  and  at  tbe  time  of  the  writer's  visit 
in  1876  two  shafts  had  been  sunk,  each  to  a  depth  of  15  feet,  in  the  midst 
of  a  belt  36  feet  thick,  of  glossy-surfaced  green  schist,  cleaving  in  all  direc. 
tions  and  containing  galena  in  strings,  grains  and  small  bunches.  One  of  the 
shafts  followed  a  vein  of  solid  galena,  mixed  with  considerable  dark  blende 
&nd  a  little  copper  and  iron  pyrites,  from  8  to  19  inches  thick,  and  the  other 
a  similar  vein  10  inches  thick,  but  containing  a  mixture  of  quartz.  This 
lead-bearing  belt  of  schist  is  succeeded  on  the  west  by  siliceous  felsites  and 
dark  green  and  rather  coarsely  crystalline  hornblende-rock,  which  is  again 
followed  by  fine-grained  light  reddish  or  pinkish-grey  granite.  This  belt  of 
veins  was  afterwards  worked  to  a  considerable  depth,  and  a  large  quantity  of 
galena  taken  out  and  exported.  The  proportion  of  silver  varied  from  a  few 
onnces  up  to  168  to  the  ton  of  2,000  pounds,  most  of  the  ore  being  tolerably 
rich.  The  Cascade  mine,  a  short  distance  to  the  northward  of  the  Victoria,  Cascade  mine. 
is  said  to  be  on  the  same  belt  and  to  resemble  the  latter  in  most  respects. 
Argentiferous  galena  has  also  been  found  in  Huronian  rocks  in  the  Sud-  Sudbury  districi. 
bury  district,  a  short  distance  south  of  Straight  lake,  and  in  the  north- 
western part  of  the  township  of  Creighton,  and  again  near  the  north 
end  of  Lady  Evelyn  lake,  which  lies  between  Temagami  lake  and  the 
Montreal  river. 
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The  Victoria  and  Cascade  mines  are  the  only  places  at  which  any  lead 
mining  has  been  done  in  Huronian  rocks,  unless  the  galena  veins  of  Tudor, 
Limerick,  etc.  in  the  Hastings-Lanark  region  should  prove  to  be  situated  in 
rocks  of  this  age. 


ZINC. 


Zinc,  in  the  form  of  blende  (or  sulphide  of  the  metal),  was  discovered 
in  1881  in  large  quantities  at  a  place  which  has  been  named  the  Zenith 
mine,  situated  on  the  White  Sand  river,  about  ten  miles  northward  of  the* 
shore  of  lake  Superior  opposite  Wilson's  island,  eastward  of  Nipigon  bay. 
The  ore  is  black  and  crystalline,  and  is  described  as  occurring  principally  in 
two  large   veins  or  lenticular  masses  in  a  homblonde   rock    or    diorite  of 
Huronian  age.     The  ore  could  be  mined  with  great  facility,  and  some  400  or 
500  tons  are  said  to  have  been  already  excavated,  but  it  cannot  be  brought 
to  market   for  want  of  a  road.     A  specimen  analysed  by  Mr.  Hoffmann,, 
chemist  to  the  Geological  Survey,  gave  54^  per  cent,  of  metallic  zinc.     This, 
is  the  only  locality  at  which  zinc  ore  has  been  discovered  in  large  masses  in  the 
Huronian  system  in  Canada,  and  it  is  therefore  interesting  as  an  indication 
that  the  metal  may  be  found  in  paying  quantities  in  these  rocks  in  other 
places.     Blende  in  large  crystals  occurs  in  a  vein  of  coarse  calcspar  about 
eight  feet  wide  at  Blende  lake,  about  1^  miles  north-north-west  of  the  head 
of  Thunder  bay.     The  south  wall  of  the  vein,  which  runs  east  and  west, 
consists  of  dioritic  schist  of  Huronian  age,  while  the  north  wall  is  formed 
by  ferruginous  and  siliceous  clay-slates   belonging  to  the  Animikie  series. 
The  occurrence  of  blende  with  the  galena  of  the  Victoria  mine  has  been 
already  referred  to. 

ANTIMONT. 

In^the  report  of  the  writer  for  1876,  page  211  (Geological  Survey 
Keport)  reference  is  made  to  a  reputed  discovery  of  sulphide  of  antimony 
in  a  vein  of  white  quartz  cutting  felspathic  grey  quartzite  (Huronian)  about 
one  mile  west  of  Fairy  lake,  near  Echo  lake.  Mr.  Joseph  Cozens,  of 
Sault  Ste.  Marie,  states  that  he  has  discovered  a  vein  eight  inches  wide,  rich 
in  this  ore^  among  the  Huronian  rocks  on  Garden  river. 

OTHEB  METALS  AND  MINERALS. 

The  above  descriptions  will  serve  to  show  that  the  Huronian  rocks  con- 
tain ores  of  the  various   metals  referred  to  ^in  economic  quantities.      The 
occurrence  in  them  of  nickel,  arsenic  and  tellurium  has  been  incidentally 
mentioned.     In  addition  to  the   metals  already  alluded  to,  platinum,  tin,, 
molybdenum,  bismuth  and  cobalt  have  also  been  found  among  these  rocks,, 
but  our  space  will  not  admit  of   a    fuller  description   of   them   than  that 
contained  in  the  list  further  on.     The  number  of  discoveries  of  valuable  ores, 
already  made  must  be  regarded  as  very  encouraging,  considering  how  little 
knowledge  we  possess  as  to  the  geological  relations  and  modes  of  occurrence 
of  the  metals  in  the  Huronian  system  and  the  comparatively  small  amount 
of  bona  fide  and  intelligent  exploration  which  has  yet  been  done,  and  leada 
to  the  belief  that  many  districts  situated  on  this  extensive  system  will  prove 
rich  in  metallic  ores. 
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Among  the  rocks  and  non-metallic  minerals  of  economic  value  to  be  met 
with  in  the  Haronian  system,  the  following  maybe  mentioned :  fine  granites 
and  syenites  for  buildings,  monuments  and  ornamental  purposes  ;  sandstones,  and nonme- 
quartzites  and  greywack^  for  construction ;  'flagstones,  roofing  slates,  serpen- 
tine and  dolomitic  marbles,  ornamental  argillites,  jasper  conglomerate ;  white 
quartzite  for  glass-making ;  asbestos  (chrysotile),  graphite,  actinolite  and 
barytes. 

THE  CAMBRIAN  SYSTEM. 

This  system  was  so  called  by  the  late  Professor  Sedgwick  from  Cambria, 
the  ancient  name  for  Wales.     It  is  the  oldest  one  in  which  the  remains  of 
organic  life  have  been  found,  being  the  first  above  the  Archaean  rocks.    Besides  ^JheSim^ 
ordinary  sedimentary  deposits,  such  as  limestones,  sandstones,  shales,  etc.,  it  i>n*n  "ys^cn^- 
comprises,  in  some  regions,  a  large  proportion  of  igneous  and  other  non- 
fossiliferous  rocks,  the  whole  thickness  of  the  system  amounting  to  many 
thousands  of  feet.     The  fossils,  when  present,  consist  only  of  marine  inverte- 
brate animals,  among  which  trilobites  are  conspicuous,  both  as  to  size  and 
the  number  of  species.     Remains  of  marine  plants  are  also  found  in  these 
rocks.      The  system  is  well  developed  in  Bohemia,  Wales,  Newfoundland,. 
New   Brunswick   and   Ontario,  as   well   as  in    some  parts  of  the  United 
States. 

ANIMIKIE    FOBHATION. 

The  name  Animikie  is  derived  from  the  Outchipwai  word  for  thunder, 
and  is  appropriate  inasmuch  as  these  rocks  are  most  largely  developed  around 
Thunder  bay.  Although  no  fossils  have  yet  been  found  in  the  Animikie  AnSude"  *"' 
formation,  it  consists  largely  of  undisturbed  and  unaltered  sedimentary  rocks 
and  is  classified  with  the  Cambrian.  It  is  the  first  formation  above  the 
Archaean,  and  rests  almost  horizontally  upon  the  denuded  edges  of  the  up- 
tamed  Huronian  and  Laurentian  strata  of  the  region.  Its  thickness  has  not 
been  clearly  ascertained,  but  it  probably  amounts  to  2,500  or  3,000  feet  or 
more.* 

The  Animikie  strata  in  ascending  order  consist  of :  (1)  Greenish 
arenaceous  conglomerate  with  pebbles  of  quartz,  jasper  and  slate — seen  on  the 
north  shore  of  Xkunder  bay.  (2)  Thinly  bedded  cherts,  mostly  of  dark  colors  JSe  rock! 
with  argillaceous  and  dolomitic  beds — seen  at  the  head  of  Thunder  bay  and  along 
the  northern  bdundary  of  the  formation  in  the  township  of  Mclntyre.  (3) 
Black  and  grey  argillites  and  flaggy  black  shales  with  sandstones  and  ferru. 
ginouB  dolomitic  bands  and  arenaceous  beds,  often  rich  in  magnetic  iron, 

*The  Silver  Islet  mine  was  sunk  through  1,230  feet  of  these  rocks  Iving  almost  horizontally 
below  the  level  of  lake  Superior,  and  on  the  main  shore  opposite  to  the  mine  the^  rise  about 
800  or  900  feet  above  the  lake,  in  addition  to  a  trap  overflow  of  400  or  500  feet,  which  however 
may  belong  to  the  next  higher  formation ;  so  that  we  have  here  an  actual  section  of  some 
2,000  feet.  Mr.  £.  D.  Ingall  says  (Report  of  Geological  Survey  for  1887,  page  25  H) :  "  If  we 
assume  the  average  dip  to  be  in  a  south -south-east  direction  and  measure  the  width  of  the 
outcrop  of  the  formation  from  Grand  Portage  island  where  it  passes  under  the  overlying 
Keweenawan  rocks  north-north-west  to  near  Woodside's  vein  in  the  Silver  mountain  area 
where  the  Archflean  appears  from  below  them,  which  we  find  to  be  some  25  miles,  we  get  a 
thickness  for  these  rocks  of  over  12,000  feet."  But  on  the  same  papr^  he  says,  *  Ab  has 
been  already  mentioned,  the  formation  lies  nearly  flat,  and  it  is  very  dimcult  to  decide  whether 
it  teAlly  has  any  general  dip  or  not." 
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together  with  layers  and  intrusive  masses  of  trap  (diabase).  This  is  by  far 
the  thickest  division,  coifibituting  in  fact  the  bulk  of  the  formation. 
Lenticular  and  spheroidal  concretions  of  various  sizes,  called  also  bombs, 
boulders  and  kettles,  are  common  throughout  the  black  shales  of  this 
division. 

Geographically  the  Animikie  formation  in  Ontario  occupies  a  triangular 
area,  of  which  the  base,  60  miles  in  length,  extends  from  the  mouth  of  Pigeon 
river  westward  along  the  international  boundary  to  Gunflint  lake,  while  one 
of  the  other  sides  is  formed  by  the  shore  of  lake  Superior  from  Pigeon  river 
to  Goose  point  on  Thunder  bay,  40  miles  in  length,  and  the  third  side  by  a 
line  joining  this  point  and  Gunflint  lake,  about  80  miles  in  length.  The  lower 
portions  of  the  formation  extend  over  the  comparatively  level  ground  within 
this  area  to  the  noi-thward  of  the  Kaministiquia  and  Whitefish  rivers,  while 
the  higher  measures,  lying  almost  horizontally,  occupy  the  mountainous 
country  stretching  from  these  strums  southeastward  to  the  shore  of  lake 
Superior.  The  summits  of  most  of  the  hills  in  this  district  are  capped  with 
thick  and  nearly  horizontal  beds  of  trap,  giving  them  a  flat  or  table-topped 
appearance.  If  all  these  isolated  areas  of  trap  were  represented  on  a  geological 
map  of  the  district  it  would  have  a  "  spotty  "  appearance,  the  total  extent  of 
the  trap  being  much  less  than  that  of  the  underlying  shales  which  occupy  the 
hill-slopes  and  the  bottoms  of  the  valleys  between  them.  A  good  idea  of  the 
geology  of  this  district  may  be  formed  if  we  suppose  the  crowning  overflow  to 
have  been  once  continuous,  but  that  afterwards  extensive  erosion  of  both  the 
trap  and  the  underlying  shales  took  place,  leaving  only  the  detatched  portions 
or  islands  we  now  see.  There  is  evidence  of  some  faulting  in  various  parts 
of  the  district  which  may  account  for  the  diflerence  in  level  of  some  of  these 
trappean  cappings.  The  crowning  overflows  are,  however,  not  the  only  beds 
of  trap  which  exist  in  the  formation,  as  was  pointed  out  many  years  ago  by 
Sir  William  Logan  and  the  writer,  and  more  recently  by  Mr.  IngalL 
Examples  of  this  may  be  seen  along  the  Pacific  railway  track  east  of  Port 
Arthur,  on  the  islands  and  points  of  the  north  side  of  Thunder  bay,  at  the  mouth 
of  Current  river,  and  between  the  Duncan  mine  and  Port  Arthur,  as  well  as 
within  the  limits  of  that  town  itself.  One  of  these  beds  of  trap  forms  a 
conspicuous  escarpment  with  a  long  slope  to  the  southwarci  on  mining-lot  L 
in  the  township  of  Mclntyre,  which  may  be  seen  from  Thunder  bay.  The 
nearly  horizontal  layers  or  masses  of  trap  in  these  rocks  may  not  have  been 
surface-flows  in  all  cases.  Some  of  them  appear  as  if  they  might  have  been 
injected  under  pressure  between  the  bedding  of  the  shales  and  other  rocks, 
and  in  such  cai^s  they  do  not  seem  to  extend  very  far. 

The  Animikie  rocks  are  found  near  the  water's  edge  along  the  south-east 
side  of  Thunder  bay,  as  far  as  Thunder  cape  and  around  its  southern  side, 
including  the  islands  to  a  point  east  of  Silver  islet ;  also  in  places  along  the 
main  shore  and  on  some  of  the  islands  about  Rossport,  east  of  Kipigon  bay. 
They  likewise  form  Pie  island  and  the  chain  of  islands  extending  thenoe  near 
the  coast  to  Pi&^eon  river.  The  Animikie  rocks  do  not  appear  to  extend  hx 
into  Minnesota,   being   replaced   by   higher  strata  south  of  the  boundavj. 
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They  are  said,  however,  to  recur  on  the  south  side  of  lake  Superior  in  the 
northern  parts  of  Wisconsin  and  Michigan,  but  in  a  disturbed  condition  and 
otherwise  differing  from  the  Canadian  type. 

THB     SILVBB-BBABING     ROCKS. 

The  Animikie  rocks  are  of  great  importance  as  being  the  silver-bearing 
formation  of  Ontario.  Nearly  all  the  veins  cutting  these  rocks  bear  a  strong 
resemblance  to  one  another  in  the  nature  of  the  sanffue  which  fills  them,  so  P^«  sUver- 

°      °  \      beanng  forin- 

much  so  that  these  veinstones  may  be  said  to  form  one  of  the  characteristics  ^tion  of  onurio. 
of  the  formation.  They  are  generally  open  or  drusy,  brecciated  and  very 
crystalline,  consisting  in  most  cases  of  white  quartz  and  calcspar  mixed  with 
fragments  of  the  wall-rock  and  a  smaller  proportion  of  green  and  purple 
fluorspar  ;  but  in  some  instances,  as  at  McKellar's  island  and  in  most  of  the 
veins  on  the  islands  and  mainland  between  Thunder  bay  and  Pigeon  point, 
white  barytes  forms  one  of  the  principal  constituents.  A  part  of  the  crystal- 
line quartz  is  almost  invariably  amethystine,  and  this  color  has  also  been 
imparted  to  the  quartz  crystals  of  the  veins  in  the  older  rocks  of  the  neighbor- 
hood, once  covered  by  the  Animikie,  which  is  not  the  case  in  similar  veins  at  a 
distance,  showing  that  the  character  of  veins  may  be  influenced  by  the  rocks 
above.     The  veins  of  the  Animikie  formation  are  apt  to  be  srathered  into  solid  vwiatioiw  in 

*  ®  veins. 

bodies  where  they  traverse  the  harder  beds  and  the  trap  layers,  and  to  become 
scattered  into  a  number  of  strings  or  reduced  to  mere  faults,  or  to  be  pinched 
out  altogether  in  passing  through  the  softer  strata,  such  as  the  black  shales. 

The  silver  occurs  native  in  grains,  threads  and  small  branching  forms,  and 
as  argentite  in  leaves  and  small  masses,  but  occasionally  in  large  crystalline 
lumps,  as  at  the  Babbit  Mountain  mine.     At  Silver  islet  heavier  native  silver  Forms  of  silver. 
and  two  new  silver  compounds,  Huntilite  and  Animikite,  were  found.     The 
associated  sulphides  in  nearly  all  the  veins  are  blende,  galena,  copper  and  iron 
pyrites,  aud  their  relative  proneness  to  carry  silver  has  been  found  by  many 
assays  to  be  in  the  order  in  which  they  are  here   mentioned.     In  the  same 
way  they  have  also  been  found  to  be  richer  in  silver  in  proportion  as  they  are 
more  closely  associated  with  the  visible  silver  itself,  and  to  contain  very  little 
when  remote  from  the  rich  ore  of  the  vein.     No  law  governing  the  conditions 
or  mode  of  occurrence  of  the  silver  in  the  veins  has  yet  been  discovered,  and  Uncertain 
ita  apparently  sporadic  distribution  in  them  makes  it  necessary  to  prospect  silver. 
extensively  underground  in  each  case  before  a  vein  can  be  pronounced  valuable 
or  otherwise. 

The  veins  in  the  Animikie  rocks  run  principally  in  two  general  directions, 
one  about  north-east  or  east-north-east  to  east,  and  the  other  about  north- 
north-west.  The  veins  of  the  Beck  or  Silver  Harbor,  the  Thunder  Bay  and  Courses  of  veiii«» 
Duncan  mines  and  the  majority  of  those  in  the  townships  of  Mclntyre  and 
Neebing  and  in  the  Babbit  mountain  and  Silver  mountain  districts  belong  to 
the  former,  while  those  of  the  Beaver  and  Silver  islet  mines  and  the  numerous 
veins  traversing  the  islands  and  the  mining  locations  on  the  mainland  between 
Thunder  bay  and  Pigeon  point  belong  to  the  north-north-west  group. 

The  first  discovery  of  silver  of  any  consequence  on  lake  Superior  was 
made  by  Mr.  Peter  McKellar  in  the  autumn  of  1866,  at  what  afterfr^xd^ 
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became  the  Thunder  Bay  mine.  The  metal  was  here  found  in  the  form  of  gpraina 
and  threads  of  native  silver  thickly  disseminated  in  a  vein  of  light  grey  gpranular 
quartz  from  1  to  3  feet  wide,  running  north  34^  east  and  cutting  dark  shale 
and  argillite,  interstratiiied  with  impure  ferruginous  dolomite  and  overlaid, 
by  a  bed  of  trap.  This  vein  was  worked  in  the  summers  of  1869  and  1870» 
in  each  of  which  years  it  was  visited  by  the  writer.  Notwithstanding  its 
great  richness  at  the  surface  it  failed  to  produce  any  large  amount  of  silver, 
and  work  was  discontinued  after  reaching  a  depth  of  only  70  feet  in  each  of 
the  two  shafts  which  were  sunk.  Operations  were  resumed  in  1 875  on  a 
parallel  reticulated  vein  in  argillite,  having  a  breadth  of  6  to  12  feet  in  all, 
which  was  struck  by  cross-cutting  underground  at  a  distance  of  about  20* 
feet  south  of  the  silver-bearing  vein.  This  opening  was  inspected  by  the 
writer  in  1875,  but  no  silver  could  be  detected.  Further  exploration  along  th» 
course  of  these  veins  may  give  better  results. 

The  vein  of  the  Shuniah,  afterwards  called  the  Duncan  mine,  was  dis- 
covered to  be  silver-bearing  by  Mr.  John  McKellar  and  Mr.  George  A.  Mc- 
Vicar  in  May,  1867,  or  about  a  year  after  the  discovery  of  the  Thunder  Bay 
mine.  The  vein  is  very  large,  being  20  to  30  feet  in  width,  runs  east  and 
west  and  consists  of  quartz  and  calcspar.  The  Duncan  mining  company 
showed  great  courage  and  perseverance  in  working  this  property,  and  only 
abandoned  it  after  spending  about  half  a  million  dollars  and  sinking  to  a 
depth  of  800  feet,  with  galleries  at  different  levels.  Only  about  $20,000  worth 
of  silver  in  all  was  obtained.  The  Animikie  rocks  were  here  found  to  extend 
to  about  half  the  above  depth,  and  below  this  were  Huronian  schists  with 
syenite  on  or  near  the  north  wall  of  t^e  vein.  A  considerable  area  of  trap 
occurs  on  the  surface  to  the  south  of  the  vein. 

The  vein  at  the  Silver  Harbor  or  Beck  mine  was  discovered  by  Ambrose 
Qj  Oyrette  in  1870,  and  was  worked  in  1871  and  1872.  It  cuts  the  shales  and 
chert  beds  of  the  lower  part  of  the  formation,  which  are  here  overlaid  by  a 
bed  of  trap.  It  runs  east-north-east,  and  is  about  5  feet  in  thickness.  The 
gangue  is  of  a  brecciated  character,  and  consists  of  white  quartz  and  calcspar 
with  a  little  fluorspar  and  amethyst  Some  native  silver  was  obtained  in 
association  with  galena,  blende  and  iron  pyrites,  but  the  quantity  does  not 
appear  to  have  been  remunerative. 

The  Montreal  mining  company  having  employed  Mr.  Thomas  Macfarlane, 
a  well  known  geologist,  to  survey  and  prospect  their  locations  on  lake  Superior 
in  1868,  his  assistant,  Mr.  Gerald  Brown,  while  triangulating  the  shore  of 
Wood's  location,  sent  one  of  his  men,  John  Morgan,  to  plant  a  picket  on  a 
rock  in  the  water,  afterwards  called  Silver  islet.  While  doing  this  Morgan 
found  the  silver-bearing  part  of  this  now  famous  vein,^  and  brought  a  specimen 
from  it  to  Mr.  Brown.  Mr.  Macfarlane  took  out  some  $1,500  worth  of  silver 
with  one  or  two  blasts  at  the  surface  and  sent  it  to  Montreal.  The  vein  was 
further  prospected  to  a  small  extent  by  the  Montreal  company  the  next  year, 
but  in  1870  this  property,  along  with  all  the  other  locations  of  the  company. 


*  In  the  Greology  of  Canada,  page  707,  Sir  William  Logan  describes  the  Silver  islet  veiD 
where  it  crosses  Burnt  island  as  ''a  very  prominent  lode  holding  galena  and  green  carbonate 
of  copper." 
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paned  into  the  hands  of  the  Ontario  Mineral  Lands  company,  hj  whom  it 
was  worked  till  the  beginning  of  1884,  when  a  depth  of  1,230  feet  had  been 
reached  and  silver  to  the  value  of  $3,250,000  had  been  extracted.     The  vein  D«Kriptioo 

of  the  rain. 

in  the  part  worked  would  average  about  8  to  10  feet  in  thickness,  although  in 
some  places  it  measured  fronr  20  to  30  feet.  Its  course  is  north  32^  to  35* 
west,  and  it  intersects  a  dyke  of  trap  (diabase)  running  east-north-east,  which 
cuts  the  dark  shales  and  other  nearly  horizontal  strata  of  the  Animikie 
formation.  The  silver  was  found  only  in  and  near  the  trap,  which  no  doubt 
had  something  to  do  with  its  concentration  at  this  place.  Its  deposition  also 
appears  to  have  been  influenced  by  graphite,  which  was  preselit  in  the  richest 
parts  of  the  vein.  Hydrocarbon  gas  and  water  holding  chlorides  of  sodium, 
calcium  and  magnesium  were  struck  in  the  deeper  workings  of  the  mine. 
Graphite  and  inflammable  gas  have  since  been  met  with  in  other  silver  mines 
in  the  district.  The  Silver  islet  vein  is  easily  traceable  across  Burnt  island 
and  upon  the  main  shore  opposite,  but  it  was  not  found  sufficiently  rich  in 
silver  to  be  worth  working  except  at  the  islet. 

The  discovery  of  silver-bearing  veins  in  the  Babbit  and  Silver  mountain 
districts  about  1882  was  due  to  an  Indian  named  Tchiatan^  who  had  worked 
with  the  writer  in  the  Thunder  Bay  district  and  around  lake  Nipiizon  in  1869.  DisooTery  of 

RiU>bit  and 

He  is  a  native  of  unusual  intelligence,  and  after  observing  our  operations  and  siiTerMoonUin 
making  many  enquiries  about  veins,  etc.,  he  developed  a  strong  ambition  to 
prospect  for  minerals.  While  exploring  in  the  neighborhood  of  Rabbit  moun. 
tain  he  discovered  the  vein  which  was  afterwards  worked  there,  but  on  account 
of  an  Indian  superstition*  he  would  not  personally  point  it  out  to  a  white 
man.  Mr.  Oliver  Daunais  had  married  his  daughter,  and  he  got  over 
the  difficulty  by  taking  him  nearly  to  the  place  and  explaining  where  he 
would  find  the  vein.  He  afterwards  revealed  in  the  same  way  other  dis- 
coveries which  he  made  in  this  district,  and  these  have  led  to  all  the  present 
developments,  so  that  the  latter  are  indirectly  due  to  the  operations  of 
the  Geological  Survey.  Several  mines  in  this  part  of  the  Animikie  area  other  tUrer 
have  been  successfully  worked  and  have  yielded  large  amounts  of  silver,  the 
most  conspicuous  examples  being  the  Rabbit  Mountain,  the  Beaver,  the 
Badger  and  the  West  End  Silver  Mountain,  but  as  these  are  all  described 
along  with  the  other  mines  of  this  section  in  another  part  of  the  present 
report  they  require  no  further  notice  here. 

Geologists  and  miners  have  speculated  a  good  deal  as  to  the  source  of  the 
silver  and  the  conditions  which  have  influenced  its  deposition  in  certain  parts 
of  the  veins  cutting  the  strata  of  this  formation.  Some,  like  Mr.  Peter  Mc-  origin  of  the 
Kellar,  suppose  it  has  come  up  from  the  Huronian  system  below,  and  they 
instance  the  3  A  mine  as  an  example  of  the  occurrence  of  silver  in  a  vein 
traversing  these  rocks.  Others  suppose  the  upper  parts  of  the  formation  to  be 
the  parent  rocks.  The  silver  appears  to  be  most  abundant  in  those  portions  of 
the  veins  which  lie  immediately  under  existing  trap  beds  or  their 
former  extensions,  or,  as  at  Silver  islet,  in  a  dyke  of  the  same  rock, 
and  this   would  favor  the  idea  that  the  metal  has  been   in    some    way 

*  Indiana  believe  that  if  they  show  a  disoovery  of  valuable  minerals  to  a  white  maai  tiVi«^ 
are  tore  to  die  within  one  year. 
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derived  from  the  trap.  If  this  be  the  correct  view  we  may  look  for 
silver  in  the  veins  under  trap  beds  in  the  lower  as  well  as  in  the  upper 
parts  of  the  formation.  Indeed  this  appears  to  have  been  demonstrated 
in  the  case  of  the  rich  ore  at  the  Thunder  Bay  mine  and  in  veins  recently 
discovered  in  the  Whitefish  lake  region,  both  of  which  are  in  the  lower 
portions.  In  these  instances  the  characters  of  both  gangue  and  ore  are  the 
same  as  in  veins  higher  up  in  the  formation,  as  if  the  nature  of  their  contents 
depended  more  on  the  overlying  trap  layers  than  on  the  immediately  enclosing 
rocks.  The  enrichment  of  the  3  A  vein  may  have  been  due  to  the  infiltration 
downward  of  the  silver  from  Animikie  rocks,  which  once  covered  this  spot  as 
they  still  do  the  immediate  vicinity,  but  which  have  since  been  carried  away 
by  denudation. 


NIPI60N     FORMATION. 


<teneral 
charactoristics. 


Kewccnawan 
rocks. 


Native  copper 
oil  lake  Superior. 


A  voluminous  set  of  rocks  to  which  this  name  was  given  by  the  writer  in 
1872  is  found  in  the  lake  Superior  region,  resting  apparently  unconformably 
upon  the  Animikie  formation.  It  is  characterised  by  reddish  marls,  sand- 
stones and  conglomerates,  together  with  a  large  proportion  of  variously  colored 
trappeau  beds  and  masses,  a  considerable  part  of  which  is  amygdaloidal.  It  is 
largely  developed  on  Black  and  Nipigon  bays,  around  lake  Nipigon  and  on 
Michipicoten  island  and  the  promontory  of  Mamainse  (more  correctly  Na- 
mainse).  The  Keweenawan,  or  native  copper-bearing  rocks  of  Keweenaw 
point,  on  the  south  side  of  lake  Superior,  and  of  Isle  Royale,  appear  to  be  of 
the  same  age.  On  the  north  shore  native  copper  has  not  yet  been  discovered 
in  such  large  quantities  as  on  the  south  side.  Its  relative  scarcity  may  be 
due  to  the  less  disturbed  condition  of  the  rocks  on  the  former.  On  Isle 
Royale  and  Michipicoten  island,  where  the  dips  are  highest,  the  metal  has 
been  met  with  in  the  most  promising  quantities.  In  the  Keweenaw  point 
region  the  metallic  copper  has  been  found  as  large  masses  in  veins  cutting 
trappean  beds,  and  at  the  Calumet,  Hecla  and  Tamarac  mines  in  the  form  of 
grains  and  straggling  masses  of  all  sizes,  filling  the  intidrstices  of  a  reddish 
arenaceous  mixed  breccia  and  conglomerate  bed,  in  which  many  of  the  frac;- 
ments  consist  of  red  quartziferous  porphyry. 

Native  copper  has  been  met  with,  principally  in  veins,  on  St  Ignace, 
Simpson's  and  Battle  islands.  On  Michipicoten  island  it  occurs  as  grains  in 
an  arenaceous  ash-bed,  while  at  Mamainse  it  is  found  in  the  form  of  straggling 
masses  and  thin  sheets  in  calcspar  veins.  But  the  rocks  which  have  been 
classified  as  the  Nipigon  formation  are  not  alone  copper-bearing,  but  contain 
other  metals  as  well,  and  they  difier  in  this  respect  in  the  several  regions  in 
which  they  are  developed.  For  example,  the  lead-bearing  character  of  the 
r^s!"  ^'*P^^°"  red  marls  and  associated  rocks  to  the  north-west  and  north  of  Black  bay  is 
their  most  important  feature  from  an  economic  point  of  view.  No  metallic 
ores  of  any  consequence  have  yet  been  discovered  in  the  rocks  of  this  formation 
around  lake  Nipigon. 

On  the  west  side  of  Little  Pic  river  certain  trappean  strata,  distinctly 

Little  Pic  river,  bedded  and  dipping  regularly  to  the  south-westward  at  an  angle  of  about 

L  12^,  may  belong  to  this  formation,  if  not  to  the  Animikie.     One  bed   is 

amygdaloidal,  but  all  the  others  are  crystalline  and  of  different  shades  of 


Dn  the  north 
shore. 
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color.     These  rocks  may  have  a  thickness  of  600  feet,  and  they  occupy  a 

space  of  about  eight  miles  along  the  river  and  fourteen  on  the  lake  front.     On 

the  west  side  of  the  mouth  of  the  river  horizontal  beds  of  siliceous  magnetic 

iron  ore  occur  in  these  rocka     The  united  thickness  of  three  of  them  appears  siliceous  iu*tf"e 

to  be  about  ninety  feet.     The  percentage  of  metallic  iron  contained  m  the  ore 

from  this  locality  was  found  to  be  as  follows  :    by  Dr.  Hayes,  of  Boston, 

36  ;  by  Dr.  Girdwood,  of  Montreal,  46  ;  and  by  Dr.  T.  S.  Hunt,  37,  chiefly  as 

silicate. 

In  the  region  extending  from  Thunder  bay  to  Nipigon  bay,  and  thence 
northward,  the  strata  of  this  fprmation  consist  of  the  following  rocks   in  Roi>ksofNii>ii;or> 
ascending  order  :  white  grits  (seen  in  the  cliff  along  the  south-east  side  of  ^  ^ 
Thunder  bay),  red  and  white  sandstone  with  conglomerate  beds,  the  pebbles 
being  mostly  of  jasper  in  a  sandy  matrix  of  different  colors,  compact  argil- 
laceous limestones,  shales,  sandstones  and  red  indurated  marls,  red  and  white 
sandstones  with  green  spots,  and  red  and  white  conglomerates  interstratified 
with  trap  layers.     These  are  covered  by  an  enormous  amount  of  trappean 
overflow  crowning  the  formation,  and  amounting  to  from  6,000  to  10,000  feet 
in  thickness.     The  lower  portions  of  the  overflow  are  usually  massive  and 
crystalline,  but  it  becomes  more  amygdaloidal  towards  the  top.     Much  of  it  JJJPP**"  ^'*"^ 
consists  of  columnar  basalt,  but  varieties  of  pitchstone   also  occur.     This 
volcanic   portion  of  the  formation  is  well  developed   on    St.   Ignace    and 
Simpson's  islands,  and  also  about  point  Porphyry.     The  amygdaloids  contain 
agates  and  quartz,  prehnite,  epidote,  specular  iron,  various  zeolites  and  native 
copper.     Concentric  wrinkles  on  the  surface  of  a  trap  bed  on  St.  Ignace  concentric 
island  show  that  a  flowing  movement  took  place  in  a  north-easterly  direction, 
while  on  the  east  side  of  lake  Superior  similar  wrinkles  mark  an  easterly 
motion  of  the  molten  trap.     Flow-wrinkles   of  the  same  kind  occur  at  the 
Calumet  mine  on  the  south  shore.     Dykes  of  greenstone  are  very  numerous 
in  the  upper  part  of  this  formation.     They  run  parallel  to  one  another  in  two  Dyj^es. 
principal  directions,  and  they  all  have  a  transverse  columnar  structure.    There 
are  also  many  dykes  of  porphyry  in  these  rocks. 

The  crowning  overflow  of  columnar  trap  on  Thunder  cape,  Pie  island, 
McKay's  mountain  and  all  the  other  hills  between  the  Kaministiquia  and  ^JJ^,  jJcKiy"***^ 
Pigeon  rivers  looks  quite  like  that  resting  on  the  red  marls  of  Nipigon  bay,  mountain,  etc. 
Black  Sturgeon  river  and  lake  Nipigon,  and  no  geological  distinction  between 
them  has  yet  been  pointed  out. 

The  lower  members  of  the  Nipigon  formation  occupy    most    of    the 
peninsula  between  Thunder  and  Black  bays,  and  extend  northward  up  the  oeogrraphicai 
▼alley  of  the  Black  Sturgeon  river  to  lake  Nipigon  and  around  this  sheet  of 
water.     The  grey  sandstones,  indurated  red  marls  and  variously  colored  com- 
pact limestones  are  well  developed  in  the  township  of  Dorion  and  to  the  west- 
ward of  it.     In  the  north-western  part  of  this  township  a  fault  running  east- 
north-eastward  has  let  down  the  red  marls  on  its  south-east  side  against 
Laurentian  gniess  on  the  north-west.     A  well  defined  brecciated  vein  of 
quartz,  calcspar  and  barjrtes,  holding  (j^alena  and  a  little  copper  pyrites  and  Lead  veinsja 
blende,  has  been  traced  for  more  than  two  miles  on  and  near  the  junction  of  ship- 
the  two  rocks.     It  vaiies  from  fifteen  to  twenty-five  feet  in  width  and  is  very 
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conspicuously  exposed,  owing  to  its  standing  the  denuding  agencies  better 
than  the  enclosing  marl  The  locations  of  Mr.  0.  J.  Johnson  and  J.  S. 
TumboU  are  situated  on  this  vein.  The  Malhiot  vein  runs  nearly  parallel  to 
the  last,  at  a  distance  of  about  three  miles  to  the  south  of  it     It  cuts 

3faihiot  rein,  crystalline  trap  rooks  resting  on  nearly  horizontal  compact  limestones  and 
grey  sandstones.  Its  width  varies  from  six  to  eight  feet,  and  towards  the 
western  part  of  its  outcrop  it  is  well  charged  with  galena  in  a  gangue  of 
of  calcspar,  quartz  and  barytes.  A  large  lead-bearing  vein,  also  parallel  to 
the  two  above  described,  crosses  the  lake  at  the  head  of  Wolf  river.  It  cuts 
Laurentian  gniess  in  the  valley  under  the  marls  and  trap  which  form  the 
clifis  on  either  side  of  the  lake.  Another  lead-bearing  vein,  which  has  been 
styled  the  Ogama,  is  reported  in  Dorion  about  five  miles  south-west  of  the 
Malhiot 

In  May,   1865,  Messrs.  Peter  and   Donald   McKellar   discovered    an 

Lead  veins  near  important  vein  of  galena  cutting  the  indurated  red  marl  of  this  formation  at 

Black  bav* 

a  place  about  three  miles  west  of  Black  bay,  on  what  is  now  called  lot  0  in 
the  township  of  McTavish.  The  property  has  been  successively  named  the 
North  Shore,  Lead  Hills  and  Enterprise  mine.  The  vein  runs  about  north 
60*"  east,  and  the  red  marl  is  here  associated  with  grey  sandstone  ;  but  red 
granite,  which  is  largely  developed  in  this  region,  rises  as  a  low  bluff 
about  300  yards  to  the  north  of  it  and  was  encountered  at  a  moderate 
depth  in  working  the  vein.  The  gangue  is  quartz,  calcspar  and  barytes,  and 
the  total  width  of  the  vein  is  from  six  to  eight  feet,  of  which  from  three  to 
four  feet  consisted  for  some  distance  of  solid  galena  with  a  little  copper 
pyrites  and  vein  matter.  The  mine  was  worked  for  one  year,  and  a  consider- 
able quantity  of  rich  ore  was  shipped  to  the  United  States.  According  to 
assays  made  by  Prof.  Chapman  it  contained  an  average  of  $17  worth  of  gold 
and  $2  worth  of  silver  to  the  ton.*  A  vein  carrying  galena  has  been  dis- 
covered in  the  Nipigon  rocks  between  Pearl  River  station  on  the  Pacific  rail- 
way and  the  shore  of  Black  bay.  More  than  forty  years  ago  Sir  William 
Logan  found  galena  in  the  rock  of  Granite  island  in  Black  bay. 

Crystalline  columnar  traps  similar  to  those  which  overlie  the  red  marls, 
Lake  Nipigon.  eta,  of  Nipigon  bay  are  largely  developed  around  lake  Nipigon,  where  they 
lie  for  the  most  part  horizontally,  and  form  the  prominent  bluffs  and  islands 
which  give  rise  to  the  picturesque  scenery  of  the  lake.  Compact  limestones  and 
grey  sandstones  are  found  under  these  traps  in  several  places,  and  in  the 
hill  just  behind  Nipigon  House,  on  the  west  side,  a  stratified  red  felspar  rock, 
studded  with  grains  of  vitreous  quartz  and  having  a  probable  thickness  of 
about  a  thousand  feet,  dips  north-north-west  at  angles  varying  from  40  to 
60°.  A  massive  rock,  but  of  a  similar  lithological  character,  occupies  the 
lake  shore  from  Nipigon  House  to  English  bay,  a  distance  of  three  miles.! 
This  rock  resembles  the  red  quartziferous  porphyry,  which  forms  so  many  of 
the  pebbles  in  the  native  copper-bearing  conglomerate  of  the  Calumet  mine. 

Michipicoten  island  may  be  described  in  a  general  way  as  consisting 
MicWpiooten       mainly  of  trappean  beds,  dipping  about  soutb-by-east  at  an  angle  of  30'. 


•Dr.  Bell  in  Geolo^cal  Survey  Report  for  1869,  p.  869,  and  for  1872,  p.  108. 
tReport  of  Greological  Survey  for  1871,  p.  108. 
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Along  its  northern  shore  they  are  mostly  amygdaloidal,  a^d  are  here 
associated  with  trap-conglomerates  and  red  sieindstones  and  shales,  passing 
below  the  trappean  mass  to  the  south.  Approaching  the  southern  side  the 
ordinary  yarieties  are  overlaid  by  compact  reddish  trap,  sometimes  rendered 
porphyritic  by  crystals  of  red  felspar  and  white  quartz.  Along  the  south 
side  the  trap  becomes  black  and  has  a  resinous  fracture.  In  this  pare  of  the 
island  there  are  some  amygdaloidal  beds,  with  fine  agates  suitable  for  orna- 
mental stones.  The  whole  thickness  of  the  strata  on  Michipicoten  island 
probably  amounts  to  about  12,000  feet.     On  the  western  end  of  the  island  a  Mine  of  naUTe 

»  "^  '  copper. 

mine  has  been  opened  on  a  bed  carrying  native  copper,  which  is  so  fully 
described  in  the  evidence  of  Mr.  Joseph  Oozens  that  no  further  notice  of  it 
is  required. 

The  promontory  of  Mamainse  on  the  east  side  of  lake  Superior  is  occupied 
by  rocks  of  the  Nipigon  formation.  They  comprise  a  variety  of  amygdaloids,  ^moutory  of 
vol<^nic  tufas,  felsites,  cherts,  sandstones,  coarse  conglomerates  and  crystalline 
traps.  The  dip  is  to  the  westward,  or  into  lake  Superior,  at  an  average  angle 
of  45^.  At  a  moderate  calculation  the  thickness  of  the  strata  on  this  pro- 
montory would  amount  to  22,400  feet.  The  conglomerate  bands  form  one 
of  the  most  striking  features  of  these  rocks,  both  on  account  of  their  coarse-  BouWer- 

^  '  conglomerates. 

ness  and  the  thickness  of  the  beds.     Five  of  them  occurring  among  the 

amygdaloids,  tufas  and  crystalline  traps  south  of  Point  aux  Mines  measure 

respectively  about  260,  85,  70,  80  and  450  feet     Most  of  the  enclosed  masses 

are  well  rounded  and  smooth,  and  from  the  large  size  of  many  of  them  these 

beds  may  be  properly  called  boulder  conglomerates.     They  consist  principally 

of  dull  reddish  granite  and  greenish  and  greyish  Huronian  schists.^     Nipigon 

rocks,  like  some  of  those  on  Mamainse,  are  met  with  at  Batchawana  bay,  and  Batchawanabay. 

a  small  patch  of  them  at  Gros  Cap  at  the  outlet  of  lake  Superior. 

On  the  east  side  of  Hudson  bay  and  the  islands  lying  off  that  coast  ^ 

volcanic  and  sedimentary  rocks  are  largely  developed.    They  comprise  reddish  Animikie  format 
conglomerates  and  sandstones,  lead-bearing  limestones,  chert-breccias,  black  Hudson  bay. 
shales,    grey     quartzites,    dark     argillites,     porphyries,     crystalline    traps, 
Amygdaloids,  tufas,  etc.     The  upper  parts  of  this  series  may  correspond  to 
the  Nipigon  formation  and  the  lower  to  the  Animikie.  f 

POTSDAM     FORMATION. 

In  Ontario  this  formation  consists  almost  entirely  of  hard  grey   and 
sometimes  reddish  sandstones.     It  derives  its  name  from  the  town  of  Potsdam  Hard  sand- 
in  the  north-eastern  part  of  the  state  of  New  York,  and  was  called  the  Potsdam  "^^°^' 
sandstone  by  the  American  geologists,  who  often  designated  formations  by  their 
litholoffical  characters  only,  as  Oalciferous  sandrock,  Utica  shale,  Medina  marl, 

°  •'  »  I  »  Geographical 

Niagara  limestone,  etc.    It  frequently  happens,  however,  that  in  the  extension  distribution. 
of  strata  into  other  regions  their  character  changes,  or  they  include  beds  for 
which  the  original  lithological  name  would  not  be  suitable.     Sir  Wm.  Logan 
therefore  considered  it  better  to  apply  the  terra  formation  in  all  cases.     The 
Potsdam  formation  skirts  the  borders  of  the  Laurentian  area  in  the  counties 

*Dr.  Bell  im  Report  of  Geolo«cal  Survey  for  1876,  p.  214. 
fSee  Report  of  the  Geologiciu  Survey  for  1877. 
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of  FrontenaCf  Leeds,  Lanark  and  Carleton,  and  is  well  exposed  in  the  town- 
>hip8  to  the  north-east  of  Kingston  and  in  many  places  between  the  Thousand 
islands  and  the  Ottawa  river.  Its  total  thickness  in  this  part  of  the  province 
has  not  been  ascertained,  and  it  is  varioaslj  estimated  at  from  300  to  700  feet. 
Fossils  are  not  abundant  in  these  rocks,  and  shells  of  the  genus  Lingula  are 
perhaps  the  most  characteristic.  Large  trilobites  are  occasionally  met  with, 
and  at  Perth  certain  remarkable  tracks,  supposed  to  have  been  made  by  these 
animals  when  the  present  hard  rock  was  in  the  state  of  soft  sand,  have  been, 
found  on  the  surface  of  one  of  the  beds.  Tracks  left  by  creatures  of  a 
similar  kind  were  found  by  the  late  Mr.  Robert  Abraham  in  1847  in  beds 
of  the  Potsdam  sandstone  near  Beauhamois,  in  the  province  of  Quebec.  In^ 
the  sandstones  near  Perth  the  late  Dr.  Wilson,  nearly  thirty  years  ago^ 
found  a  number  of  long  cylindrical  casts  like  tree  trunks  from  six  inches  to 
one  foot  in  diamater.  Last  year  attention  was  called  to  certain  cylindrical 
bodies  of  larger  size  than  the  above  which  pass  almost  at  right  angles  throogh 
the  sandstone  beds  of  this  formation  near  the  Rideau  canal  about  eight  miles 
from  Kingston.  The  only  economic  materials  furnished  by  the  Potsdam 
formation  consist  of  sandstones  for  building  and  glass-making.  They  are  all 
too  hard  for  grindstones  or  scythe-stones.  The  parliament  buildings  at 
Ottawa  are  constructed  of  Potsdam  sandstone  from  the  adjoining  township. 

In  the  lake  Superior  region  the  sandstones  of  Sault  Ste.  Marie,  the 
peninsula  between  Goulais  and  Batchawana  bays,  Isle  Parisienne,  etc, 
seem  to  be  of  Potsdam  age.  They  are  mostly  red,  with  green  spots  thickly 
sprinkled  over  the  bed-planes,  and  interstratified  with  greyish  layers.  Unlike 
the  Nipigon  formation,  they  appear  to  be  free  from  local  disturbances  and  lie 
almost  flat.  Although  they  resemble  some  of  the  sandstones  of  Mamainse  ixk 
being  red,  they  are  believed  to  be  newer  and  are  probably  unconformable 
to  them. 

THE    SILURIAN    SYSTEM. 

This  system  was  named  by  Sir  Roderick  Murchison  after  the  Silures,  a 
people  who  inhabited  a  part  of  ancient  Britain  in  the  border  land  between 
England  and  Wales.  It  is  one  of  the  most  important  systems  in  the  geological 
^h  ^^'^  ter"of  the  ®^*^®»  occurring  in  nearly  all  quarters  of  the  globe,  and  is  remarkable  for  the 
suurian  Bystem.  uniform  character  of  its  fauna  in  widely  separated  countries.  It  is  almost 
everywhere  rich  in  fossils,  which  consist  principally  of  the  remains  of  marine 
invertebrate  animals  and  marine  plants,  although  lishos  and  some  land  plants 
make  their  appearance  in  the  upper  part  of  the  system.  These  rocks  were 
formerly  divided  by  some  geologists  into  a  Lower  and  an  Upper  Silurian 
series. .  The  former  is  now  often  called  the  Ordivician,  thus  restricting  the 
term  Silurian  to  the  upper  division.  For  the  present,  however,  we  will  retain 
the  name  Silurian  for  the  whole  system.  The  Silurian  rocks  appear  to  have 
been  deposited  during  a  generally  quiet  period  of  the  earths  history.  They 
embrace  every  variety  of  sediments,  and  occasionally  include  som6  igneoas 
intrusions  and  beds  of  volcanic  origin.  They  are  divided  into  a  number 
of  formations,  and  the  total  volume  of  the  system  is  very  great  in  most  regions. 
The  thickness  of  each  of  the  formations  in  Ontario  will  be  given  separately. 
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0AL0IFBR0U8     VOHMATION. 

The  name  of  these  rocks  is  derived  from  their  lime-beanng  character. 
The  formation  is  not  important  in  Ontario,  and  is  found  principally  between  rormttUonf  ^  ^ 
Brockville  and  Ottawa.  It  has  a  thickness  of  about  300  feet  and  consists 
for  the  most  part  of  a  bluish  grey  magnesian  limestone,  which  has  a  gritty 
feel  like  sandstone,  especially  on  weathered  surfaces.  The  Ramsay  lead  vein 
near  Carleton  Place  cuts  this  formation* 

CHAZT     FOBMATI'ON. 

This  formation  derives  its  name  from  a  town  in  Clinton  county,  in  the 
state  of  New  Tork.  It  is  not  an  important  formation  in  Ontario,  and  is  o^ographiea 
found  principally  in  the  valley  of  the  Ottawa  below  Pembroke,  and  between 
this  river  and  the  St  Lawrence  below  Prescott  Two  outliers  occur  in  the 
county  of  Renfrew,  one  on  the  Bonnechere  and  the  other  on  the  Madawaska 
river.  It  consists  of  greyish  limestones,  sandstones  and  shsiles,  and  has  a 
thickness  of  about  150  feet.  Some  of  the  Ohazy  limestones  are  very  suitable 
for  building,  and  in  certain  localities  the  sandstones  are  also  used  for  this 
purpose,  but  they  are  generally  rather  too  thinly  bedded. 

BLACK     BIVKR     AND     BIRDS-ETK     FORMATION. 

The  formations  known  under  the  above  names  in  the  state  of  New  York 
are  not  regarded  in  Canada  as  differing  sufficiently,  either  palseontologicaliy  orison  of  tbe 
or  lithologically,  to  require  separation.     The  Black  River  formation  derives  "*™®'' 
its  name  from  a  stream  which  enters  the  eastern  extremity  of  lake  Ontario 
in  the  state  of  New  York,  while  the  term  Birds-eye  has  reference  to  the 
appearance  of  a  fossil  contained  in  the  rocks  bearing  this  name.     The  united 
formations  have  in  Ontario  a  thickness  of  150  to  200  feet,  and  consist  of 
bluish  and  dark  grey  bituminous  limestones  with  interstratified  grey  shales,  oeogntphiear 
It  occurs  on  some  of  the  islands  in  the  north  channel  of  lake  Huron  between 
the   Manitoulin  group  and  the  north   shore.      Further  east  it  skirts  the 
southern  edge  of  the  Laurentian  area  from  Penetanguishene  to  Kingston,  and 
it  is  found  in  patches  in  the  Ottawa  valley  above  the  city  of  the  same  name, 
and  as  a  border  surrounding  the  Trenton  basin  between  the  Ottawa  and  St 
Lawrence  further  east.     It  is  well  developed  around  Kingston,  and  the  build-  Economics 
ing  stone  of  the  Limestone  City  is  derived  from  it.     Part  of  the  stone  used  at 
Ottawa  and  Cornwall  are  quarried  from  this  formation.     The  lithographic 
stones  of  the  Marmora  and  Madoc  region  also  belong  to  it. 

TRKNTON     FORMATION. 

This  important  set  of  rocks  is  named  from  Trenton  in  the  state  of  New 
York.  On  lake  Huron  it  is  found  on  Lacloche  island  and  about  Little  Satribution!* 
Current  in  the  northern  part  of  Grand  Manitoulin  island.  It  occupies  a 
broad  belt  between  Georgian  bay  and  lake  Ontario,  extending  from 
Matchedash  bay  to  CoUingwood  harbor  on  the  former  and  from  Newcastle  to 
Amherst  island  on  the  latter.  Lake  Simcoe  is  situated  entirely  on  this 
formation,  and  the  whole  of  the  peninsula  of  Prince  Edward  is  underlaid 
by  it.  There  is  a  Trenton  outlier  in  the  county  of  Carleton  and  it  forms  the 
uppermost  rock  in  a  geological  basin,  occupying  the  whole  width  of  the  country 
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between  the  St.  Lawrence  and  Ottawa  east  of  Ottawa  city.  The  higher  parts 
of  the  limesftne  cliffs  at  the  capital  belong  to  this  formation.  Judging 
from  the  results  of  borings  which  have  been  made  in  various  localities,  as 
well  as  from  its  general  regularity  and  persistence,  the  formation  is  supposed 
to  extend  at  a  moderate  but  increasing  depth  south-westerly  under  the  whole 
of  the  peninsula  between  lake  Huron  on  the  one  side  and  lakes  Erie  and 
Ontario  on  the  other.  It  has  also  been  shown  by  borings  in  Ohio  to  underlie 
the  newer  rocks  over  a  large  part  of  that  state.  In  Ontario  it  has  probably  a 
total  thickness  of  about  600  feet  and  consists  of  fossiliferous  bituminous 
limestones,  usually  dark  grey  in  color,  interstratified  in  some  parts  with  shales 
which  are  also  often  bituminous.  It  affords  excellent  building  stones  in 
almost  every  part  of  its  distribution,  and  it  is  important  as  a  source  of 
petroleum  and  natural  gas.  The  oil  and  gas  of  the  comparatively  new  field 
in  north-western  Ohio  are  derived  from  these  rocks.  The  writer  has  shown 
that  the  Cincinnati  anticlinal,  along  which  these  products  have  accumulated, 
continues  northward  and  crosses  the  western  part  of  the  Ontario  peninsula, 
following  a  line  from  near  Little's  point  on  lake  Erie  to  near  Kettle  point 
on  lake  Huron. ''^  By  an  inspection  of  the  map  it  will  be  seen  that 
Kingsville,  where  a  valuable  gas  well  has  been  recently  struck,  is  situated 
on  this  line.  Both  the  petroleum  and  gas  of  this  formation  have  pro- 
bably originated  from  the  decomposition  of  the  remains  of  marine  vegeta- 
tion, of  which  there  is  abundant  evidence  in  these  rocka  The  most 
promising  places  for  boring  for  either  oil  or  gas  would  appear  to  be  on 
the  lines  of  the  principal  anticlinals,  but  only  where  the  formation  is 
well  covered  by  impervious  strata  which  have  had  the  effect  of  confining 
these  products  for  ages.     Surface  indications  may  be  entirely  wanting. 


UTICA     FORMATION. 


Although  this  formation  is  only  about  100  feet  thick  in  Ontario  it  is 
easily  recognised,  consisting  everywhere  of  a  black  bituminous  shale.  The 
name  is  derived  from  the  town  of  Utica,  in  the  state  of  New  York.  It 
occurs  on  the  northern  points  of  Grand  Manitoulin  island  and  on  the 
south  side  of  Clapperton  island.  It  is  well  seen  to  the  west  of  Collingwood 
harbor,  and  runs  thence  south-eastward  through  the  country,  coming  out 
on  lake  Ontario  between  Whitby  and  Newcastle.  The  Utica  shales  are 
sufficiently  bituminous  to  burn  with  ffame  for  a  short  time  when  thrown  upon 
a  hot  fire.  In  October,  1869,  works  were  erected  a  short  distance  west  of 
Collingwood  for  distilling  illuminating  oil  from  these  shales,  which  were  found 
to  yield  from  3  to  4  per  cent,  of  their  weight  of  tarry  oil  at  a  cost  of  14  cents 
per  gallon.  Owing  to  the  discoveries  of  free  petroleum  the  following  year, 
this  enterprise  was  abandoned.  Lluminating  oil  is,  however,  still  made  at  a 
profit  from  bituminous  shale  in  Scotland. 


*  **  The  main  axis  of  the  anticlinal  will  inte)*bect  the  north  shore  of  lake  Erie  in  the  vicinity 
of  Little's  point  in  the  county  of  Essex ;  then  running  about  north-north-east  through  Ensex, 
Bothwell  and  Lambton,  it  will  reach  the  southern  shore  of  lake  Huron  near  Kettle  point. 
Its  general  bearing  from  lake  Erie  to  lake  Huron  is  about  north  thirty  degrees  east,  out  it 
appears  to  curve  gently  to  the  south-east  of  a  straight  line  and  to  pass  under  Petrolia." 
Transactions  of  the  Royal  Society  of  Canada  for  1887,  page  107. 
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HUDSON    BIVIB    VOBMATION.* 

This  formation,  named  after  the  Hudson  river  in  the  state  of  New  York, 
fias  a  thickness  in  Ontario  of  about  700  feet  and  consists  of  bluish  drab  marls,  S^SS^.**** 
•clays  and  shales,  interbedded  with  layers  of  limestone  and  sands tona     It  is  met 
with  along  the  northern  part  of  Manitoulin  island  and  on  the  south-western  On  laket  Huron 
side   of  Georgian  bay,  and   it  extends  thence  south-eastward  through   the 
country,  widening  as  it  goes,  to  lake  Ontario,  on  which  it  occupies  the  shore 
from  Port  Credit  to  Pickering.     An  outlier  of  the  formation,  eighteen  miles 
in  length,  occurs  in  the  counties  of  Carleton  and  Russell  a  short  distance  oSSwI."**' 
south-east  of  the  city  of  Ottawa.     The  Hudson  river  formation  has  furnished 
no  economic  minerals  of  importance  in  Ontario.     The  greater  part  of  these 
rocks   were  at  one  time  called  the  Lorraine  shales,  but  that  name  is  now 
•abandoned. 

MEDINA    FOBMATION. 

The  Medina  formation  is  named  after  Medina  in  the  state  of  New  York. 
It  consists  of  red  with  some  green  marls  and  a  fine  grained  light  grey  and 
eometimes  reddish  sandstone,  called  the  grey  band  at  the  top.  In  the  west  Grey  ImuuI. 
-the  formation  first  appears  near  Colpoy's  bay,  on  the  south-west  side  of  Georgian 
bay,  and  increases  to  the  southward.  It  has  acquired  a  thickness  of  about  200 
feet  in  the  eastern  part  of  the  county  of  Grey.  Oontinuing  thence  southward 
it  crosses  the  country,  the  thickness  still  increasing,  till  it  strikes  lake  Ontario,  on  Uke  Ontario, 
where  it  amounts  to  about  600  feet.  Its  lower  or  eastern  side  comes  out 
upon  the  lake  near  Port  Credit,  and  the  formation  continues  thence  westward 
<loubling  around  the  head  of  the  lake  at  Dundas,  from  which  it  runs  along  its 
southern  shore  eastward  to  the  Niagara  river  and  crosses  into  the  state  of 
New  York.  The  sandstone  at  the  top  of  the  formation  is  an  excellent  build- 
ing stone,  audit  is  also  used  for  grindstones  and  scythe  stones.  This  band 
begins  in  the  township  of  Nottawasaga,  and  is  found  all  along  the  course  of 
the  formation  to  lake  Ontario.  Some  beds  of  a  brownish  pink  color  occurring  Forks  of  Credit.] 
M  the  Forks  of  the  Credit  are  highly  esteemed  as  building  stones. 

CLINTON    FOBMATION. 

This  is  named  from  Clinton  county  in  New  York  state,  and  consists  in 
Ontario  of  greenish  and  drab  grey  shales  and  thinly  bedded  siliceous  and  Nature  of  for-j 
argillaceous  limestones  of  similar  colors,  amounting  to  from  80  to  180  feet  in 
thickness,  together  with  a  very  ferruginous  red  band  which,  near  Rochester, 
is  galled  the  "iron-ore  bed,"  where  it  is  said  to  have  been  used  at  one  time  as 
An  ore  of  iron.     The  Clinton  formation  runs  lengthwise  through  the  centre  of  Distribution. 
Manitoulin  island,  along  the  south-west  side  of  Georgian  bay,  and  thence  south- 
ward to  the  head  of  lake  Ontario,  from  which  it  strikes  eastward  along  the 
base  of  "the  mountain"  and  crosses  the  Niagara  river.     In  the  county  of  Grey 
the  •'iron-ore  bed"  is  bright  red  and  chalky  or  marly,  but  near  lake  Ontario  I'on-ore  bed. 
it  has  become  harder  and  more  shaly,  and  contains  a  somewhat  larger  per- 
•centage  of  iron. 

NIAGARA    FOBMATION. 

This  is  one  of  the  best  marked  of  the  fossiliferous  formations  of  Ontario. 
It  runs  through  all  the  Manitoulin  group  of  islands,  the  Indian  peninsula 


*  The  name  of  this  formation  should  appear  in  the  table  of  Divisions  of  the  Rooks  of 
Ontario  on  p.  2,  between  the  UUca  and  Medina  formations. 
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and  the  Niagara  peninsula,  crosses  the  Niagara  river  and  ends  in  Herkimer 
county  in  New  York.  It  appears  to  attain  its  maximum  thickness  on  Grand 
Manitoulin  island,  where  the  writer  estimated  it  at  450  feet.  At  Owen 
Sound  it  is  about  400  and  at  Hamilton  240  feet.  It  thus  diminishes  towards 
the  south  and  east,  while  the  underlying  formations  increase  in  these- 
directions.  Except  along  the  Niagara  river,  where  the  lower  80  feet  consist 
of  bluish  black  shale,  the  formation  is  made  up  of  dolomite  or  magnesian 
limestone.  Northward  of  lake  Onjbario  it  becomes  thickly  bedded,  of  an  open 
crystalline  texture  and  a  light  grey  color,  but  in  the  Niagara  peninsula  it  is^ 
of  a  darker  shade,  closer  texture  and  is  more  thinly  bedded. 

The  Niagara  formation  is  remarkable  for  the  prominent  escai'pment  which 
marks  the  lower  or  eastern  boundary  in  all  parts  of  its  distribution.  It  is  a. 
conspicuous  feature  all  along  the  sinuous  course  of  the  base  of  the  formation 
to  the  south-west  of  Georgian  bay,  and  forms  the  upper  part  of  the  Blue 
mountains  in  the  townships  of  Collingwood  and  Osprey,  which  have  an  eleva- 
tion, according  to  levels  taken  by  the  writer,  of  upwards  of  1,200  feet  over  lake 
Huron,  or  about  1,800  feet  above  the  sea.  This  is  higher  than  the  average 
altitude  of  the  watershed  between  the  great  lakes  and  Hudson  bay.  From 
the  Blue  mountains  the  escarpment  follows  a  general  southerly  course  to  the 
head  of  lake  Ontario,  and  from  thence  it  forms  the  crest  of  "the  mountain  "^ 
as  far  as  Queenston.  The  gorge  of  the  Niagara  river,  into  which  the  falls- 
pour  their  waters,  cuts  through  the  formation,  the  upper  or  limestone  part 
amounting  to  164  feet  in  thickness,  and  the  above  mentioned  shale  at  the 
bottom  to  80  feet.  The  Niagara  limestone  everywhere  in  western  Ontario 
affords  an  excellent  building  stone,  and  it  also  burns  to  good  lime. 

At  the  head  of  lake  Temiscaming,  which  is  situated  at  the  great  bend  of 
the  Ottawa  river,  there  Is  a  large  outlier  of  this  formation  consisting  of  from 
300  to  500  feet  of  grey  limestones,  with  arenaceous  beds  and  coarse  or  boulder 
conglomerates  at  the  base. 

In  the  northern  part  of  the  province,  west  of  James  bay,  we  meet  with 
almost  horizontal  grey   and   yellowish -grey   limestones,    containing    fossils^ 
which,  according  to  the  late  Mr.  E.   Billings,  the  celebrated   palaeontologist, 
belong  to  the  Niagara  formation.     These  strata  occur  along  the  Albany  river" 
above  its  junction  with  the  Kenogami,  and  also  along  the  latter  stream  as  far- 
up  as  the  first  portage.     The  limestones  are  overlaid  by  a  considerable  thick- 
ness of  chocolate-colored  marls  with  greenish  layers  and  patches,  but  without 
observed  fossils. 

GUELPH     rORMATION. 

This  formation,  which  occurs  only  in  Ontario,  was  named  at  the  sugges- 
tion  of  the  writer  after  the  town  of  Guelph,  which  is  situated  upon  it.  Its- 
greatest  thickness,  about  160  feet,  is  attained  in  the  central  part  of  the 
western  peninsula,  from  which  it  diminishes  both  south-eastward  and  north- 
westward,  terminating  about  the  Niagara  river  in  the  one  direction  and  oik 
the  south  side  of  the  Manitoulin  island  in  the  other.  Throughout  the  greater 
part  of  its  distribution  it  consists  of  a  light  buff  or  cream -colored  dolomite  of 
a  finely  crystalline  or  granular  texture,  resembling  sandstone,  but  in  the 
Niagara  peninsula  it  becomes  dark  grey  and  bituminous,  an  d  more  distinctly 
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crystalline.     It  is  well  defined  as  a  formation  by  a  considerable  number  of  Economici. 
characteristic  fossils.     The  Guelph  dolomites  form  beautiful  building  stones, 
and  they  have  been  largely  used  for  this  purpose  in  Gait,  Guelph,  Elora  and 
Fergus.     They  also  bum  to  lime  of  excellent  quality. 

ONONDAAA    (SALT)  FOBMATION. 

This  formation  is  named  after  Onondaga  in  the  state  of  New  York,  and 
is  celebrated  for  its  salt-bearing  character.     It  consists  principally  of  yellowish 
and  drab  colored  dolomites  and  greenish  and  drab  shales,  with  some  reddish  °»^°- 
layers,  especially  near  the  base  of  the  formation.     It  occurs  along  the  east 
shore  of  lake  Huron  from  Goderich  to  the  mouth  of  the  Saugeen  river,  from 
which  it  turns  east  and  south,  rounding  the  northern  end  of  a  wide  synclinal  ^^^^^^  ^ 
between  Southampton  and  the  head  of  Owen  Sound,  and  running  thence 
sonth-easterly  to  the  Grand  river,  from  which  it  takes  an  easterly  course  to 
the  Niagara.      The  numerous  borings  which  have  been  made  through  the 
formation  in  search  of  salt  in  the  country  to  the  east  of  lake  Huron  prove  it 
to  have  a  thickness  of  775  feet  at  Goderich  and  508  feet  at  Kincardine,  ThicimeM. 
bat  this  has  diminished  to  about  300  feet  where  it  crosses  the  Niagara 
river   above  the   falls.      The  b^ds  of  rock-salt  which  furnish  the  brine  of  s»it. 
the  wells  at  Kincardine,  Wingham,  Blyth,  Clinton,  Goderich,  £xeter,  Sea- 
forth,  eta,  occur  towards  the  base  of  the  formation  and  are  only  reached 
by  deep  boring.     The  bore-holes  for  some  of  these  salt  wells  have  also  passed  oypmim. 
through  deposits  of  gypsum.     Beds  of  this  mineral  occur  likewise  along  the 
Grand  river  from  a  short  distance  above  Paris  to  near  Cayuga.     Most  of  it  is 
of  a  grey  color,  useful  as  a  mineral  manure,  but  in  some  places  it  is  white 
enough  to  calcine  for  stucco  and  alabastine.     One  of  these  localities  is  the 
Merritt  mine,  where  there  is  a  bed  of  white  gypsum  four  to  six  or  seven 
ieet  in  thickness.     Further  particulars  of  these  deposits,  contained  in  the 
evidence  collected  by  the  Commission,  are  published  in  another  part  of  this 
report. 

In  this  formation  on  the  east  side  of  the  Saugeen  river,  just  above 
VTalkerton,   the  writer  in  1861  discovered  lithographic  stone  of  excellent  Lithographic 
quality,  but  breaking  transversely  into  pieces  of  too  small  size  to  be  of  much  '^°** 
value.     The  band  forms  the  top  of  the  bank  of  the  river,  and  the   beds 
^ksaociated  with  it  bum  into  a  remarkably  white  lime. 

On  Moose  river,  banks  of  gypsum  occur  from  ten  to  twenty  feet  high, 
specially  on  the  north-west  side  below  the  junction  of  the  Missinaibi,  for  a 
*^M  of  about  seven  miles,  or  from  thirty -one  up  to  thirty-eight  miles  above  Oypsum  on 
Moose  Factory.  About  ten  feet  of  the  lower  part  of  the  deposit  consist  of  ^^°^ 
^lid  gypsam  of  a  light  bluish  grey  color,  but  the  upper  portions  are  mixed 
with  marL  In  some  sections  of  these  banks  a  comparatively  small  propor- 
^of  the  gypsum,  but  still  large  commercially  speaking,  is  nearly  white, 
aod  from  this  circumstance  they  have  received  the  name  of  "  the  white 
bttka."  The  geological  age  of  these  deposits  cannot  be  far  from  the  Onon- 
<ligi  formation,  and  it  would  not  be  surprising  if  salt  should  also  be  found  in 
the  rocks  with  which  they  are  associated. 
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LOWBB    HELDBBBUBG    FOBMATION. 

A  portion  of  the  Waterlime  division  of  the  Lower  Heiderburg  formatioi> 
wateriime         of  the  State  of  New  York  reaches  the  township  of  Bertie  on  the  Ontario  side 
of  the  Niagara  river,  but  as  it  is  unimportant  and  closely  connected  with  the 
Onondaga  formation,  it  requires  no  further  description  in  the  present  short- 
sketch. 

THE    DEVONIAN    SYSTEM. 

This  system,  which  derives  its  name  from  Devonshire  in  England,  was  at 
one  time  called  the  Old  Bed  Sandstone  to  distinguish  it  from  the  Permian, 
which  was  known  as  the  New  Bed  Sandstone.  Some  geologists  have  advocated 
changing  the  name  in  America  to  "  Brian,"  but  there  seems  to  be  no  sufficient 
reason  for  this,  and  as  Sir  William  Logan  followed  the  method  of  calling  the 
systems  by  their  British  names  and  the  formations  by  those  adopted  in  the- 
United  States,  we  prefer  to  adhere  to  an  uniform  plan  of  nomenclature,  and  to 
continue  to  recognise  the  well  established  name  of  this  system.  The  Devonian 
rocks  are  important  in  various  countries,  from  holding  deposits  of  petroleum, 
salt,  gypsum  and  iron  ore,  and  they  are  also  of  interest  geologically  from  the 
fact  that  it  is  among  them  that  the  remains  of  fishes  and  land  plants  first 
Ked  sandBtonee.  became  abundant.  Bed  sandstones  form  a  prominent  feature  in  the  Devon- 
shire rocks  of  the  eastern  part  of  the  Gasp^  peninsula  in  Quebec,  but  they  are 
absent  from  them  in  the  province  of  Ontario.  This  system  occupies  a  con. 
siderable  area  in  the  western  peninsula  and  again  in  the  northern  part  of  the 
province,  and  in  both  of  these  regions  the  Gomiferous  formation  constitutes 
its  most  prominent  member. 

OBISKAVT    FOBMATION. 

This  is  the  lowest  in  the  Devonian  system,  and  is  represented  in  Ontario- 
by  only  about  twenty-five  feet  of  coarse  grey  and  brownish  sandstone.  It  is 
exposed  in  various  places  along  the  base  of  the'nexihigher  formation  between 
the  township  of  Windham  and  the  Niagara  river.  It  has  been  used  as  mill- 
stones for  the  preparation  of  oatmeal,  and  also  for  building  purposes. 

OOBNIVEBOUS     FOBMATION. 

The  Gomiferous  formation  is  so  called  from  the  nodules  of  homstonr 
which  it  frequently  encloses.  Its  base  or  lower  border  runs  north-eastward  from 
near  Goderich  to  the  township  of  Greenock,  where  it  turns  around  the  north 
end  of  the  wide  synclinal  already  referred  to,  from  whence  it  takes  a  south- 
ward course  to  the  township  of  Burford,  and  then  strikes  eastward  to  the 
township  of  Bertie.  The  shore  of  lake  Erie  from  the  outlet  of  the  Niagara 
river  to  Port  Bowan  lies  upon  this  formation.  Its  junction  with  the  over- 
lying Hamilton  formation  is  covered  with  superficial  deposits,  but  it  is  sup- 
posed to  run  northward  from  near  Port  Bowan,  keeping  at  a  distance  of 
twenty  to  twenty-five  miles  from  the  line  above  described  as  marking  the  base 
of  the  formation. 

In  western  Ontario  it  consists  mostly  of  grey  limestone,  containing  great 
numbers  of  fossil  corals,  some  of  which  form  masses  of  considerable  sixe.  It 
makes  a  fair  building  stone,  and  is  also  burnt  for  lime.  Borings  for  wells  in 
jDuth-western  Ontario  have  given  the  following  thicknesses  for  limestone  sap- 
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posed  to  represent  the  Comiferoos  in  each  case  :  Port  Lambton,  320  feet ; 
Petrolia,  248  and  378  ;  one  mile  soath-we8t*of  Belle  river,  209  ;  Leamington, 
310.  In  such  borings,  however,  it  is  difficult  to  draw  a  line  between  the 
limestones  of  this  formation  and  those  of  the  underlying  Onondaga. 

The  petroleum  of  the  Enniskillen  field  is  drawn  directly  from  the  Gorni- 

,  Petroleum. 

ferous  limestone,  but  it  has  not  been  proved  that  it  originated  in  these  rocks. 
There  are  reasons  for  supposing  it  to  be  quite  as  likely  that  the  oil  comes 
up  from  the  underlying  Trenton  formation.^ 

In  the  region  south-west  of  James  bay  the  Oomiferous  formation  occu- 
pies an  area  greater  than  all  the  western  peninsula  of  Ontario.  A  large  part 
of  this,  lying  between  the  Albany  river  and  the  basin  of  the  Moose  river, 
comes  within  the  northern  part  of  the  province.  It  consists  mostly  of  porous  James  bay 
and  cavernous  drab  grey  and  yellowish  grey  fossiliferous  limestones  resting 
directly  upon  the  Archaean  rocks  to  the  southward,  the  line  of  junction  cutting 
the  Missinaibi  river  just  below  HeH-gate,  the  Mattagami  just  below  the  Long 
Portage,  and  the  Abittibi  just  below  "The  Otters"  portage.  Many  of  the 
Oomiferous  fossils  of  this  district  bAong  to  species  which  differ  from  those 
of  the  formation  in  regions  to  the  south  of  the  heigh t-of -land,  tending 
to  show  that  there  was  here  a  separate  basin  in  these  early  times  as 
well  as  now.  At  the  foot  of  Grand  rapid  on  the  Mattagami  river  the- 
writer,  in  1375,  discovered  a  large  deposit  of  rich  clay-ironstone  in  these  ci^y  ironstonei 
rocka  f  The  materials  of  the  Drift,  for  a  considerable  distance  to  the  south- 
ward of  the  Oomiferous  formation  in  this  region,  contain  fragments  of  this 
ore,  indicating  that  it  exists,  and  probably  in  the  same  horizon,  among  these 
rocks  in  many  other  places  besides  the  above  mentioned  locality  on  the 
Mattagami. 

HAMILTON    yOBMATION. 

^^  • 

This  is  not  called  after  the  city  of  Hamilton,  but  a  village  of  the  same 
name  in  the  state  of  New  York.  It  consists  of  bluish  and  drab  grey  clays  or  Nature  of 
marls,  called  "  soapstone  "  by  the  well-borers,  with  some  greyish  limestones,  '®™***'*®"- 
and  occasionally  an  arenaceous  band.  The  total  thickness  of  the  formation  in 
Ontario  is  estimated  to  be  about  three  hundred  feet,  of  which  the  lower  170 
or  185  feet  are  found  below  the  Drift  clay  and  above  the  Oomiferous  lime- 
stone in  the  oil  territory  of  Enniskillen.  This  impervious  rock  has  served  to 
prevent  the  upward  escape  and  loss  of  the  petroleum  and  gas  of  this  region  in 
past  ages. 

OHEMUNO    AND    PORTAGE    FORMATION. 

This  is  represented  in  Ontario  by  a  few  feet  of  black  bituminous  shales 
in  the  southern  part  of  the  county  of  Huron  and  the  northern  part  of  Lambton.  Bi^^ckshaie*- 
A  narrow  border  of  the  formation  may  also  exist  beneath  the  Drift  on  the 
north  shore  of  lake  Erie,  between  Rondeau  and  Port  Talbot.  In  the  states 
of  New  York,  Pennsylvania  and  Michigan  these  rocks  are,  however,  exten- 
sively developed,  and  constitute  an  important  formation. 


•««  The  Petroleum  Field  of  OntATio,"  by  Dr.  R.  Bell  in  the  Trausactions  of  the  Royal 
SodelT  <rf  CuuMla  for  1887,  page  109. 

fEeport  of  tha  Geological  Survey  for  1875-76,  page  321. 
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THE    POST    TERTIARY    SYSTEM. 

The  rocks  which  have  beev  described  in  the  foregoing  pages  oomprise 
all  the  ancient  or  fundamental  formations  represented  in  Ontario,  the 
remainder  of  the  geological  scale  which  is  so  largely  developed  in  varioos 
other  parts  of  the  world  being  entirely  wanting  till  we  come  to  the  Post 
Tertiary  period,  which  includes  our  superficial  deposits'such  as  bouideivclay, 
stratified  clay,  sand,  gravel,  etc.     The  oldest  of  these  is  called  the  Drift 

THE     DRIFT. 

In  a  previous  part  of  this  section  a  description  was  given  of  the  exten- 
sive glaciation  which  took  place  in  the  Archaean  regions  of  Ontario  daring 
the  Drift  period,  so  that  it  will  be  unnecessary  to  dwell  farther  on  that 
part  of  the  subject.  The  glacial  phenomena  are  also  very  noticeable  throagh- 
out  the  Palaeozoic  districts,  so  that  everywhere  in  the  province  the  sarfaoes 
of  the  solid  rocks  bear  the  ancient  ice-marks  in  the  shape  of  flatings  or 
furrows  and  grooves  or  striae.  With  the  exception  of  the  high  lands  netr 
the  east  coast  of  Labrador,  no  part  of  the  Dominion  on  this  side  of  the 
Rocky  mountains,  as  far  as  known,  appears  to  have  escaped  the  action  of 
glaciers  in  the  Drift  period.  The  rocks  in  the  Archaein  districts  are  every- 
where ground  down  and  rounded,  the  evidence  of  the  glacial  action  being 
usually  as  plain  on  the  tops  and  sides  of  the  hills  as  in  the  valleys.  In  the 
Palaeozoic  regions,  where  the  strata  lie  almost  horizontally,  the  wearing  down 
of  the  rocks  has  taken  place  principally  along  the  planes  of  bedding. 
Where  the  dip  happens  to  be  in  about  the  same  direction  as  that  which  wsi 
taken  by  this  great  denuding  force,  the  excavations  naturally  deepened  antil 
a  point  was  reached  where  the  weight  and  solidity  of  the  opposing  rocks 
became  sufficient  to  resist  the  ice-mass,  and  in  this  way  escarpments  have 
been  formed.  All  the  great  lakes  of  the  St.  Lawrence,  except  Uke  Saperior, 
lie  in  basins  of  erosion  which  have  been  hollowed  out  in  the  same  manner. 
The  basin  of  lake  Saperior,  although  its  origin  was  of  volcanic  nature,  hai 
been  much  enlarged  by  glacial  denudation*  It  has  been  shown  that  the  lakes 
of  our  Archaean  regions  are  all  of  glacial  origin,  and  that  most  of  them  lie 
in  rock-basins  excavated  during  the  Drift  period.  A  few  of  them  owe  their 
existence  to  moraines  or  dams  of  glacial  debris,  which  hold  up  their  waters. 

The  fracturing  of  the  sedimentary  rocks  along  anticlinal  lines  has  greatly 
aided  glacial  erosion,  and  in  this  way  long  bays  have  been  formed  in  the  geo- 
graphical outlines  of  the  formations,  such  as  those  on  Manitoulin  island,  the 
Indian  peninsula  and  thence  to  lake  Ontario,  and  all  along  the  base  of  the 
Black  River  formation  from  Matchedash  bay  to  Kingston. 

A  marked  difference  is  observable  in  the  effects  of  glacial  action  on  the 
opposite  sides  of  the  Archaean  nucleus  on  which  the  Palaeozoic  strata  rast. 
Valleys  or  water  channels  have  been  formed  wherever  the  ancimit  glsoien 
plunged  downward  off  the  Archaean  highlands  upon  the  opposing  edges  of  the 
newer  rocks,  as  all  along  the  southern  boundary  of  the  Lanre&tuui  ^»Mi 
Huronian  rocks  of  the  province.  But  no  such  action  took  place  when  the 
glacial  mass  was  forced  up  the  gentle  slope  of  the  Palaeoxoio  beds  of  the 
basin  of  Hudson  bay  and  thence  upon  the  Archaean  plateau  to  the  sonth  of  it. 
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Here  we  find  no  phTsical  features  to  mark  the  line  of  contact  between  the  g^o^gof  ^y^^ 
two  kinds  of  rock  which  differ  so  much  from  one  another.  On  the  east  side  ancient  giaoien. 
of  Hudson  bay  deep  channels  and  valleys  with  high  escarpments  facing 
inland  have  been  formed  by  the  descent  of  the  old  west-moving  glaciers 
•against  the  up-turned  edges  of  the  Cambrian  rocks  along  that  coast,  while  on 
the  opposite  side  of  the  bay  they  moved  off  the  Devonian  and  Silurian  rocks 
'Without  leaving  any  impression  on  the  geographical  features  of  that  region. 

In    the   metamorphic    regions  in   the  northern  parts  of  Ontario,  the 
rounded  glaciated  surfaces  of  the  tops  and  sides  of  the  hills  have  been  left 
almost  or  quite  bare  in  many  pares,  but  in  most  districts  and  especially  in  ^^^^  ^  ^^ 
the  PalflBOzoic  areas  of  the  province  the  smoothed  and  grooved  or  striated  Sid^MS3Soic 
Took-surfaces  are  covered  by  a  thick  deposit  of  stiff  clay  mixed  with  sand,  ^^s^^i"* 
.gravel,  stones  and  boulders.    This  is  known  as  drift,  bould^-clay,  hard-pan,  etc. 
In  Scotland  it  is  called  till,  and  this  convenient  name  is  now  being  adopted 
in  America  and  elsewhere.     On  the  higher  grounds  north  of  lakes  Superior 
and  Huron  there  is  usually  but  little  clay,  the  drift  consisting  of  loose 
boulders,  stones,  ^gravel  and  sand. 

Th^  transportation  of  the  boulders  in  the  till,  as  well  as  those  lying  on 
bare  surfaces,  has  been  simultaneous  with  the  planing  and  grooving  of  the  oiadai 
rocks,  and  due  to  the  same. cause.  An  erroneous  impression  which  is  very  ^  ®°^™*°*" 
prevalent  attributes  both  these  phenomena  to  icebergs.  Although  the  latter 
may  have  brought  some  boulders  and  dropped  them  among  the  Post  Tertiary 
days  and  sands,  they  appear  to  have  had  little  influence  on  the  fori9ation  of 
the  underlying  till,  and  they  have  had  nothing  to  do  with  the  wearing  down 
and  grooving  of  the  solid  rocks:  The  ice-grooves  are  locally  nearly  parallel 
except  in  cases  where  different  sets  cross  one  another.  In  pursuing  their 
course  they  will  go  up  one  side  of  a  rounded  lidge  or  knoll  of  rock  and 
down*  the  other,  or  they  may  curve  around  it  and  even  pass  under  overhanging 
rocks,  grooving  both  the  wall  and  roof  in  a  manner  quite  impossible  to  have 
been  produced  by  a  floating  iceberg.  The  glacial  phenomena  of  the  Drift 
period  in  these  latitudes  correspond  in  every  way  with  what  may  be  observed 
<m  a  small  soale  in  connection  with  modem  glaciers,  and  there  can  be  no 
doubt  diat  they  have  been  due  to  land  ice.  These  phenomena  occurred  at 
this  period  in  the  north  temperate  zone  all  around  the  globe,  and  the  gigantic 
scale  on  which  they  operated  constitutes  one  of  the  most  extraordinary  phases  of 
the  earth's  history.  The  prevalence  of  ice  was  so  general  at  this  time  that 
it  is  also  known  as  the  Glacial  Period. 

The  general  direction  of  the  glacial  movement  over  Ontario,  as  shown 
by  ^e  strie,  was  southward,  but  it  varied  greatly  to  the  east  and  west  of 
south  in  different  regions.  North  of  lakes  Huron  and  Superior,  and  from  the  giadai 
the  latter  westward  to  Lake^f-the- Woods,  it  was  generally  south-westward,  ™**^*" 
bat  in  some  instances  it  varied  greatly  from  this  on  account  of  local  causes. 
In  the  western  peninsula  it  was  south-eastward,  but  around  lake  Ontario 
aouth-westward  ;  in  the  lower  Ottawa  valley  south-eastward,  but  north  cf  it 
the  direction  was  south-south-westward.  In  the  Eastern  Townships  it  was 
Mmdi-eastward,  while  around  Montreal  the  course  was  south-westward. 

11.(4) 
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The  strise  following  the  above  ooorses  may  not  have  been  all  prodnced  at 
the  same  time  and  by  a  continuous  glacier.  The  ice-sheet  would  probably 
move  in  different  courses  in  different  parts,  according  to  the  general  slope  of 
the  surface  on  which  it  rested,  or  according  as  it  accumulated  in  one  part 
and  the  resistance  became  relieved  in  another.  When  the  maximum  had 
passed,  the  more  its  mass  diminished  the  more  it  would  be  influenced  by  the 
local  form  of  the  land.  Finally,  when  it  became  divided  into  separate 
glaciers,  these  would  follow  the  valleys  or  would  be  guided  by  their  confining 
ridges.  Hence  in  the  bottoms  of  many  valleys  we  find  the  strise  parallel 
to  their  general  thread.  There  is  reason  to  believe  that  the  relative  levels  of 
some  parts  of  this  continent  have  changed  considerably  since  the  Drift 
period,  and  this  circumstance  must  be  taken  into  consideration  in  connection 
with  the  formation  and  the  movements  of  the  ice-sheets  of  glacial  times. 

The  local  or  final  glaciers  of  the  period  sometimes  ploughed  their  way 
into  the  mass  of  till  which  had  been  left  by  the  more  general  one.  They 
also  left  behind  them  lateral  ridges  or  moraines  of  boulders  and  earth.  Some 
fine  examples  of  these  are  to  be  seen  on  either  side  of  the  southern  part  of 
Long  lake,  north  of  lake  Superior,  and  along  the  upper  parts  of  the  valley  of 
Steel  river  in  the  same  region.  In  some  cases  the  ancient  glaciers  also  left 
terminal  moraines,  and  these  by  damming  up  the.  waters  have  formed  some 
of  our  smaller  lakes  in  the  north  country. 

At  any  given  locality  the  greater  part  of  the  materials  of  the  drift 
usually  consist  of  the  debris  of  the  rocks  immediately  underlying  it,  but  it 
generally  also  contains  a  large  amount  of  transported  material,  the  percentage 
diminishing  about  in  proportion  to  the  distance  from  which  it  has  been 
carried,  the  harder  rocks  surviving  the  wearing  action  the  longest,  and  thus 
travelling  the  furthest. 

On  the  generally  lower  levels  of  the  province,  and  in  local  depres- 
sions elsewhere,  we  find  stratified  clay,  sand  and  gravel  resting  upon  the  till. 
These  sands  and  gravels  are  usually  above  the  clay.  It  is  supposed  that  the 
cause  of  this  was  a  submergence  of  the  land  after  the  Glacial  period,  during 
which  the  clays  were  deposited,  and  as  the  land  rose  again  the  sands  were 
spread  over  them,  and  that  both  deposits  were  worn  into  terraces  during 
stationary  intervals  while  the  general  elevation  was  going  on. 

In  the  eastern  and  northern  parts  of  the  province  some  of  the  clays  and 
sands  contain  sea  shells  and  other  fossils,  indicating  a  marine  origin.  In  the 
valley  of  the  St.  Lawrence  these  are  found  as  far  west  as  Brockville,  and 
along  the  Ottawa  they  extend  about  as  far  up  as  the  junction  of  the  Bonne- 
ch6re  river  in  clays  and  sands  which  constitute  continuations  of  extensive 
deposits  of  the  same  character  in  the  province  of  Quebec.  But  no  marine 
fossils  have  as  yet  been  found  in  any  of  the  Post  Tertiary  deposits  in  the 
province  west  of  these  points  and  south  of  the  watershed  of  Hudson  bay. 
The  writer  has,  however,  discovered  a  variety  of  marine  shells  on  the  Albany, 
Kenogami,  Missinaibi  and  Mattagami  rivers  up  to  heights  of  about  300  feet 
above  the  sea  level  and  more  than  one  hundred  miles  inland. 

West  of  the  points  above  mentioned,  south  of  the  height-of-land, 
the  marine  deposits  are  replaced  by  others  which  appear  to  be  in  part,  at 
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least,  of  fresh  water  origin.  One  of  the  most  important  of  these  is  an 
extensive  blue  cUj  deposit  which  we  have  called  the  Erie  clay,  and  which  ^*^*i^** 
has  as  yet  yielded  no  organic  remains  of  any  kind.  It  burns  to  white  bricks, 
while  the  marine  clays  to  the  east  burn  reiL  The  Erie  clay  is  often  very 
calcareous,  and  is  seldom  or  never  entirely  free  from  pebbles  and  stones,  more 
or  less  thickly  disseminated  through  it.  Indeed  it  often  seems  to  merge  into 
the  underlying  boulder  clay.  It  covers  the  whole  of  the  south-western  part 
of  the  western  peninsula,  and  is  locally  develo()ed  in  many  other  parts  of  the 
province  as  far  east  as  the  line  cf  railway  from  Brock ville  to  Ottawa.  Its 
greatest  known  depth  is  about  200  feet,  but  it  is  found  at  differences  of  levels 
amounting  to  500  feet.  When  seen  in  fresh  section  it  presents  lines  of  strati- 
fication, and  often  a  transversely  jointed  structura  In  some  localities  its 
upper  parts  have  been  unevenly  denuded  before  the  deposition  of  the  next 
higher  formation,  which  consists  of  brownish  clay  yielding  red  bricks.  This 
unconformable  formation  is  well  developed  in  the  valley  of  the  Saugeen  river, 
and  hence  it  has  received  the  name  of  the  Saugeen  clay.  Its  thickness 
appears  to  be  less  than  that  of  the  Erie  clay,  but  it  is  found  in  broken  areas 
in  all  parts  of  the  province  except  the  most  easterly  and  northerly.  When 
seen  in  fresh  section  it  is  usually  found  to  be  very  distinctly  stratified  in  thin 
layers,  sometimes  with  partings  of  fine  sand  between  them.  Beds  of  sand 
and  gravel  are  occasionally  found  between  the  Erie  and  Saugeen  clays,  and 
these  are  of  importance  as  affording  good  wells  of  water.  Fresh- water  shells 
have  been  detected  in  a  few  instances  in  the  Saugeen  clay. 

The  sand  deposits  overlying  the  Saugeen  clay  in  the  southern  parts  of 
Ontario  are  too  irregular  and  varied  in  character  to  admit  of  classification  AiKoma  umd^ 
for  the  present.  But  in  the  district  of  Algoma  and  between  the  great  lakes 
and  the  Ottawa  river  a  yellowish  sand,  to  which  the  name  of  the  Algoma 
sand  has  been  given,  is  extensively  distributed  in  the  more  level  areas,  while 
on  the  higher  grounds  are  found  considerable  accumulations  of  gravel,  stones 
and  boulders,  which  have  been  already  referred  to.  Deposits  of  clay  resting 
on  sand  with  clay  again  beneath  are  found  over  large  areas  in  the  extensive 
and  comparatively  level  tracts  beyond  the  height-of-land.  These  regions  have 
been  explored  and  reported  upon  for  the  provincial  government  by  Mr.  E.  B. 
Borron,  who  has  paid  much  attention  to  their  surface  geology. 

In  the  western  peninsula  there  is  a  remarkable  and  very  extensive 
accumulation  of  gravel  above  or  west  of  the  Niagara  escarpment,  which  Artemesia 
extends  from  near  Owen  Sound  to  Brantford.  It  has  been  called  the  Artemesia  ^"^'^^' 
gravel,  after  the  township  of  that  name,  and  consists  principally  of  the  debris 
of  the  Niagara  and  Guelph  formations,  with  some  pebbles  and  boulders  of 
Laurentian  origin.  The  gravel,  which  has  a  considerable  depth,  is  well 
rounded,  often  washed  clean  of  finer  material,  and  is  extensively  used  for 
road  metal. 

From  an  economic  point  of  view  the  superficial  deposits  are  important  in 
relation  to  water  supply,  the  nature  of  the  soils  which  they  afford,  etc.,  and  Economics  of 
many  of  the  clays  have  a  direct  value  for  the  manufacture  of  bricks  and  drain  ^^^  ^^^' 
tiles.    The  shell-marls  and  peat  among  the  recent  deposits  also  belong  to  this 
part  of  our  subject.     Lignite,  associated  with  clay  and  sand,  is  found  on  the 
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Goulais  river,  and  indications  of  it  have  also  been  met  with  on  Rainy  nvet 
and  the  southern  part  of  Lake-of-the- Woods.  North  of  the  height-oMand  the 
writer  has  found  beds  of  this  substance  associated  with  the  till  and  the  over- 
lying deposits  in  several  places  on  the  Misainaibi  river,  and  also  on  the 
Kenogami. 

Extracts  from  the  evidence  of  witnesses  examined  by  the  Oommiation 
bearing  on  the  geology  of  the  province  are  appended  to  this  section,  in 
accordance  with  the  general  plan  of  the  Report. 


Occurrences  of 
magnetic  iron 


EASTERN    ONTARIO    BE6I0N. 

Charles  Taylor — We  get  actinolite  within  a  distance  of  two  and  a  half  to  four 

Actinolite  in       miles  from  Bri^ewater ;  there  is  some  in  the  2nd  concession  of  Hungerford,  and 

Hunsrerford  and  there  is  some  on  lot  7  in  the  2nd  concession  of  Elzevir.     I  know  where  there  ■ 

Elzevir.  plenty  of  it,  but  the  greatest  'deposits  are  in  those  places  ;  it  is  in  pockets  in  i 

magnesian  rock  associated  with  dolomite.     It  appears  in  forms  like  veins,  which 

run  crosswise  of  the  country  rock.     We  find  it  at  the  surface,  but  have  never  been 

successf  111  in  following  it  to  any  depth  ;  it  appears  to  be  in  pockets  and  runs  out 

Joseph  Bawden — The  magnetite  in  Bedford  is  found  against  crystalline  lime- 
stone, with  hotnblende  on  one  side  and  hornblende  or  granite  on  the  other.  In  one 
octfurrenco  the  hornblende  is  on  the  north  and  the  crystalline  limestone  on  the 
south.  At  Black  lake  we  have  the  granite  on  the  north  side,  and  I  think  cTyatallins 
ore  and  plunaba-  limestone  on  the  south  side,  but  I  cannot  speak  positively  as  to  that  ss  it  is  under 
^  ^  ^^  '  water.  The  granite  in  Bedford  is,  I  think,  mostly  on  the  north  side.  The  course 
of  the  iron  deposits  is  north-east  and  south-west.  Some  years  ago  a  shaft  was 
sunk  30  feet,  and  a  drift  of  30  feet  was  opened  on  lot  2  in  the  6th,  and  about 
100  barrels  of  plumbago  were  taken  out  and  shipped  to  the  United  Statea,  since 
which  time  no  work  has  been  done  and  no  plumbago  has  been  mined  for  expoil 
The  plumbago  occurs  kidney  shaped,  and  in  round  nodules  in  crystalline  kme- 
stone  in  a  well  defined  vein  fully  three-quarters  of  a  mile  in  length  and  10  feet 
wide ;  the  walls  are  limestone.  The  cangue  is  crystalline  calcspar  oocuriog 
in  crystalline  limestone.  The  vein  is  defined  by  a  little  band  of  hematite, 
a  gossan  streak  on  each  side  of  the  vein;  it  is  just  like  a  ribbon.  I  take  it  to 
be  a  true  fissure  vein.  The  limestone  in  the  vein  is  coarser,  and  it  is  plumbaginous, 
the  pltlmbago  being  diffused  through  the  vein  as  mentioned.  The  nodules  are  from 
a  quarter  of  a  pound  to  five  pounds  weight.     The  plumbago  is  of  very  good  quah^. 

Michael  Grrady — The  iron  deposits  of  the  Kingston  and  Pembroke  region  an 
usually  found  in  belts  the  general  run  of  which  is  north-east  and  south-west, 
about  the  same  as  the  ordinary  run  of  the  rock.  The  associated  rock  is  granite,  and 
where  we  find  limestone  coming  in  contact  with  it  we  always  consider  the 
indications  favorable  for  iron.  The  largest  deposits  I  found  were  where  the 
limestone  and  granite  came  in  contact.  We  have  found  some  soapstone  on  the 
surface,  but  as  a  general  thing  it  is  down  deep.  I  have  found  some  connected 
with  diorite.  It  is  difficult  to  account  for  its  occurrence  when  hardly  any  two 
exports  will  agree  ;  each  seems  to  have  his  own  idea.  I  never  noticed  any  xmnges 
of  greenstone  rock.  The  rock  in  this  country  varies  very  much.  In  builduig 
the  railway  in  a  cutting  of  two  or  three  hundred  feet  four  or  five  different  kinoi 
of  rock  would  be  found,  such  as  limestone,  red  granite  and  black  granite. 

William  Rattle — There  is  no  question  but  they  have  the  true  formation  for 
ore-bearing  rocks  in  Darling.  We  found  specular  ore  in  several  places  on  the 
range.  In  one  place  we  were  shown  a  vein  of  magnetite  35  feet 'in  width.  At 
another  place  we  saw  hematite  at  least  15  feet  in  width,  and  m  length  we  traoed  it 
200  feet.  I  should  judge  from  appearance  that  it  was  a  very  good  quality  of  ore;  it 
had  no  appearance  of  sulphur  or  titanium.  That  was  at  Playfairville.  The 
course  of  those  veins  is  north-east  and  south-west,  dipping  about  75*  to  the 
south-east. 

• 

0,  J,  Puaey — The  course  of  iron  deposits  in  the  Haliburton  region  la  north- 
iron  ores  in  tbe  tast  and  south-west.     I  have  carefully  observed  the  shores  on  the  norch  and  aoath 
ui^n  dH-  aides  of  Burnt  river,  and  they  differ  essentially.     On  the  south  side  it  is  an  open, 
granular  ore  of  the  hematite  or  specular  kind,  while  that  on  the  north  aide  it  a 
magnetic  ore  of  close  grain  and  smooth  fracture.    A  number  of  speoimena  analyied 
by  Professor  Chapman,  taken  from  various  locations  on  the  north  side  of  the  iiTer 
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Ter  »  diataace  of  fiftv  miles,  were  so  uniform  in  their  character  that  thev  vtre 
apposed  bjr  the  aiuUjat  to  be  taken  from  one  location.  Ores  hare  been  discovered 
t  eight  or  ten  different  points  between  the  north-east  comer  of  the  township  of 
rlamorgan  and  the  Tillage  of  Bancroft,  in  the  township  of  Dungannon,  a  distance  of 
eariy  forty  miles. 

Gtcrgt  RUhardiOH — In  the  Kin^^ston  district  the  phosphate  occurs  in  limestone  phc«piate  cf 
eins  in  granite,  the  phosphate  occurring  in  irregular  masses  in  it.  1  have  noticed  lime. 
hosphate  at  Haley* s,  *nd  it  is  about  the  s«me  formation.  Mr.  Smith's  mines  are 
rregnlar  ;  the  wo^  is  done  the  same  as  in  a  quarry,  there  being  enough  phosphate 
etween  the  layers  of  granite  to  make  it  pay.  In  Loughborough  a  great  deal  of  the 
hosphate  lb  found  in  connection  with  pyroxene  rock  :  the  pyroxene  st^metimes 
lixes  with  the  phosphate  and  makes  it  valueless.  Sometimes  crystalline  limestone 
I  mixed  with  the  phosphate  in  the  same  way. 

Bobert  Adam* — The  apatite  in  the  Perth  district  occurs  more  in  regular  seams 
ban  in  the  Ottawa  district  of  Quebec,  where  it  occurs  in  bunches  through  the  i^^^^^ 
angae  loek.     We  have  traced  many  distinct  veins  as  much  as  a  mile.     They  are,  phosphate 
think,  mostly  across  the  line  of  the  stratification.     Most  of  them  run  in  a  north-  ^*^  ^J^-^ 
rert  and  south-east  direction,  but  there  is  a  good  deal  of  irregularity  about  them.  "^^ 

"he  country  rock  is  uniform,  and  consists  largely  of  pyroxene.  There  lb  also  a 
Teat  deal  of  quartz  in  that  country,  and  pink  calcspar.  In  some  cases  we  find 
WIS  in  the  line  of  the  stratification,  and  we  have  struck  phosphate  veins  running 
t  ri|^t  angles.  The  width  of  the  veins  varies  from  a  few  inches  to  six  and 
even  feet.  The  greatest  depth  we  have  gone  there  is  100  feet  We  find  that  as 
re  go  down  the  width  varies,  being  in  and  out  all  the  way  down.  We  see  no 
ifierence  as  far  as  we  have  observed  between  the  wordings  at  a  depth  and  at 
he  NufMe. 

James  Faxton — At  the  surface  where  we  found  the  phosphate  on  lot  thirteen 
1  the  tenth  concession  of  Loughborough,  it  was  about  two  and  a  half  feet  wide.  ^^^^^^^^ 
t  is  enclosed  in  a  kind  of  a  hard  black  rock.     On  the  surface  we  have  stripped  the  iime  in 
ein  about  twenty  feet,  and  we  have  made  openings  along  the  course  of  the  vein,  l»agfabon>affa. 
rhich  runs  across  the  whole  lot.     The  tendency  of  the  vein  was  to  widen  as  we 
rent  down.     At  the  top  it  was  two  and  a  half  feet,   at  ten  feet  it  was  about  five 
Mt,  then  It  ran  about  the  same  down  to  about  forty  or  fifty  feet,  and  at  that  depth 
i  was  about  ten  feet  wide.     Then  it  began  to  narrow  till  it  got  to  be  about  four 
aet ;  after  that  it  began  to  widen  again,  and  continued  to  widen  till  we  came  upon 
**  horse."     After  passing  that  it  continued  to  increase  in  width  till  at  the  depth 
i  115  feet  it  is  fifteen  feet.     The  shaft  is  about  perpendicular ;  a  bucket  will  go 
iown  without  touching  anything.     Sometimes  we  come  on  pieces  of  hornblende, 
(mie  of  them  as  large  as  two  by  four  feet ;  the  phosphate  is  all  around  them  and 
hey  oome  out  as  clean  as  possible.     The  phosphate  as  it  comes  up  is  mixed  with 
lomblende  and  the  wall  rock,  and  that  is  where  we  have  the  labor  of  cobbing  it. 

James  Bell — In  the  Perth  district  we  find  that  generally  where  there  is  a  Mica  and 
niztiire  of  mica,  very  fine  and  almost  like  salt,  it  is  an  indication  that  phosphate  is  P^^'^p'^Jf  ^ 
here.     It  is  pretty  certain  to  lead  to  a  vein.     There  is  any  quantity  of  this  dark  perth  district. 
idea,  but  it  is  in  distinct  veins  ;    it  occurs  on  the  same  lot  a$  the  phosphate  and 
vithin  400  or  500  feet  of  it.     The  mica  occurs  in  veins  of  different  widths  fn>m 
ibout  three  feet  up  to  nine  and  ten  feet.     There  are  any  number  of  these  mica 
reins,  the  whole  surface  being  covered  with  them. 

William   Kelly — My  lithographic  property  is  in   the  township  of  Marmora,  LithogrmpL 
being  lots  nine  and  ten  in  the  thini  concession.     I  think  the  quarry  extends   over  stone  in 
100  acres  ;  it  crops  up  at  the  surface,  and  we  have  sunk  about  seven  or  eight  feet  ^i^J^™  *"* 
upon  it.     I  do  not  know  the  depth  below  that.     It  is  on  the  east  side  of   >Iannora 
Ute.     The  layers  are  from  six  to  twenty-four  inches  thick,  and  as  they  go  do^  n  the 
ttkicknesses  are  greater  ;  it  would  require  to  be  sawed  for  the  market.     It  is  a  pure 
liUiographic  stone.     It  has  been  tested  and  pronounced  by  experts  to  be  equal  to 
the  best  German.     The  property  is  convenient  for  shipping. 

D.  B.  K.  Steirart — I  am  intereste<l  in  a  lithographic  stone  pn^perty  on  lot  7 
Ok  the  5th  concession  of  Madoc.  It  is  laminated  and  there  are  very  large  quantities 
^h.  The  layers  of  stone  are  from  two  to  four  and  five  inches  thick.  We  can  get 
^i^ocks  of  it  of  almost  any  size  :  I  have  taken  out  some  48  by  36  inches.  There  u 
^ipwsrds  of  20  acres  covered  with  this  stone,  and  it  is  so  situated  that  it  would  nM 
b  expensive  to  work. 

W.  J.  Morris — Barytes  occurs  in  Bathurst,  North  Burgess  and  North  Crosby.  Barjtea. 
In  Obo  I  have  seen  a  perfectly  pure  vein  three  feet  wide.    1  have  seen  it  also  in  good 
tort:able  veins  in  North  Crosby. 
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J.  D.  Devcar — Very  good  lire  clay  has  been  found  near  Toronto,  and  there  is 
any  amount  to  be  found  on  any  of  the  creeks.  An  analysis  by  Mr.  Sperry  gare 
silica  63.05,  aluminum  21.06,  ferric-oxide,  5.02,  water  .63.  One  analyau  from  the 
surface  showed  2  per  cent,  of  lime,  but  I  think  that  was  owing  to  fossils.  Thefe 
are  hundreds  of  acres  of  it  past  the  Humber  ;  the  river  runs  over  it.  It  resembki 
a  blue  clay  and  they  call  it  shale  here.     What  I  am  using  I  find  to  be  very  Kood. 

WESTERN    ONTARIO    REGION. 

Dr.  Timothy  Coleman — Our  well  at  Seaforth  is  about  1,120  feet  deep.  The 
first  100  feet  was  through  a  loose  kind  of  limestone,  hard,  with  soft  streaks.  At 
350  feet  we  struck  a  strong  flow  of  fresh  water  which  rushed  up  to  within  six  or 
seven  feet  of  the  surface.  After  going  to  about  450  feet  the  Guelph  limestone  is 
struck.  At  800  feet  there  is  a  kind  of  rotten  stone  of  a  clay  color  ;  there  is  about 
fifty  or  sixty  feet,  but  about  midway  is  a  layer  of  very  hard  stone  intervening.  At 
880  feet  there  is  a  bed  of  clay,  and  after  that  it  is  limestone  down  to  the  salt,  at 
1,020  feet.  There  is  a  bed  of  salt  at  that  depth  of  seven  or  eight  feet.  We  con- 
tinued on  101  feet  and  stopped,  as  we  were  in  the  rock  salt  and  had  all  we  wanted. 
After  coming  to  the  first  bod  of  salt  there  is  a  layer  of  three  or  four  feet  of  porooi 
rock. 

Fete.r  McEioan — The  first  well  I  drilled  in  this  part  of  the  country  (Gk)deTich) 
was  in  1868,  called  the  Tecumseh.     It  was  in  the  town,  and  the  depth  was  ),1S0 
feet.     The  depth  of  the  surface  material  or  drift  on  the  high  land  is  120  feet,  and 
in  the  valley  30  or  35  feet.     There  the  surface  material  is  marl,  while  on  the  hill  it 
is  different.     The  first  30  feet  of  the  Tecumseh  well  was  quicksand,  and  below  that 
it  was  blue  clay  down  to  the  rock.     There  was  a  streak  ot  gravel  on  the  rock  belov 
the  clay,  and  a  little  clay  mixed  with  the  gravel.     It  was  a  sort  of  hard  pan  like 
cement,  varying  from  5  to  10  feet  thick.     The  only  diflference  in  the  wells  here  is 
before  striking  the  rock  ;  after  that  all  are  the  same.     The  International  well  wai 
drilled  in  the  winter  of  1873-4.     There  was  no  quicksand  there;  it  was  clay  down 
about  110  feet.     Below  that  there  was  a  streak  of  hard-pan  about  10  feet,  and  then 
a  grey  limestone  rock.     The  first  50  or  100  feet  of  the  limestone  is  hard ;  after  that 
it  becomes  softer  and  more  broken,  and  is  full  of  water.     After  getting  through  the 
broken  rock  the  limestone  becomes  more  solid  again,  and  there  are  nodules  of  flint 
in  it.     At  750  feet  wo  reach  blue  shale  with  streaks  of  blue  clay,  which  oontinnef 
down  about  1,030  feet,  where  the  salt  is  struck.     We  suppose  that  the  first  bed  of 
salt  is  about  16  feet  in  thickness.     Below  that  we  have  30  feet  of  light  brown  lime- 
stone of  very  fine  grain ;   then  a  bed  of  salt  about  30  feet,  then  4  feet  of  blue 
shale,  then  another  bed  of  salt  about  22  f eei,  below  which  we  found  a  brown  lime- 
stone similar  to  the  first.     We  did  not  go  much  more  than  15  or  20  feet  farther, 
and  I  think  the  limestone  does  not  go  below  that.     Before  we  struck  the  salt  rock 
itself  the  shale  became  salty,  no  doubt  with  small  streaks  of  salt.     The  first  salt  ire 
stnick  had  small  streaks  of  shale  in  it,  and  there  are  small  streaks  of  gypsum  st  the 
bottom  of  the  shale.     The  purest  salt  of  all  is  in  the  lowest  bed.     In  Attiill'swfiU 
they  went  down  further  than  we  did,  and  struck  two  or  three  small  beds  belov 
ours ;  they  were  very  thin  beds.      At  the  greatest  depth  of  all  they  struck  a  nd 
shale.     In  1871  we  sank  a  well  in  Mitchell  2,000  feet  and  did  not  get  salt.    T^ 
material  passed  through  was  pretty  much  the  same  is  here,  but  there  was  not  inch 
a  thickness  of  limestone.     About  the  depth  at  which  we  expected  to  get  salt  we 
got  saline  water.     We  got  abo\it  as  much  white  clay  as  we  get  salt  here.     The  tsot- 
face  is  about  the  same  as  here,  but  there  is  about  100  feet  of  limestone  less  than 
here.     When  down  about  where  the  salt  should  be  we  mot  shale  the  same  as  herSi 
but  softer  than  ours.     There  it  is  more  like  slate.     In  Seaforth  there  is  about  9^ 
feet  like  clay,  and  in  both  Mitchell  and  Dublin  where  we  should  have  struck  th« 
salt  we  came  on  the  substance  like  pipe-clay.     There  was  about  the  same  thickn^ 
of  it  as  we  get  of  the  siilt  rock  here.     It  was  very  like  the  blue  clay,  only  there  W** 
the  difference  in  c«:)lor.     I  do  not  think  any  experiments  were  made  with  it.     ^ 
about  1,200  or  1,400  feet  we  struck  a  red  or  light  brown  shale  which  continued   ^ 
the  bottom,  2,000  feet ;  tliere  would  be  about  6(X)  or  700  feet  of  it.     That  is  t-^® 
deepest  well  in  this  part  of  Canuda,  that  I  know  of.     The  salt  appears  to  pl^^ 
out  between  Seaforth  and  Dublin.     I  drilled  a  well  one  and  a  quarter  miles  e^^^l 
Vf   Seaforth   and   got   salt,   but   not   in   large  quantity.     At  Dublin  We  did  n^ 
get  any  salt;  there  was  salt  water,  but  nothing  that  could  be  called  rock  sal^^ 
In  1872  at  Brussels  we  went  through   similar  strata,  and  we  got  saltwater  an^ 
pumped   for   three    weeks ;     there  was   some    salt  made  there,    but   it  was  coi^  ^ 
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flidered  a  failure.  Another  party  drilled  a  well  at  Wroxeter.  J  do  not  know 
much  about  the  log  of  that  well,  but  I  know  thev  did  not  get  salt.  After  that 
another  man  drilled  a  well  three  quarters  of  a  mile  south  of  where  we  did  and 
within  the  corporation  of  Brussels,  and  he  got  salt.  That  shows  th^  town  to  be  on 
the  edge  of  the  salt  bed.  Of  course  there  is  plenty  of  salt  for  manufacturing  pur- 
poses^ though  not  as  much  as  here.  The  salt  was  got  there  a  little  nearer  the 
surface  than  at  Seaforth.  To  the  north-west  they  drilled  at  Kincardine  and  got  J^J.S"**'^'** 
salt ;  at  Port  Elgin  they  drilled  but  did  not  get  salt,  as  also  at  Southampton.     Mr.  ' 

Williams  of  this  town  owns  a  well  at  Port  Franks,  40  miles  south  of  here.    We  can  ^°'*  Frmnta. 
trace  the  salt  bed  all  the  way  from  here  to  Marine  City  in  Michigan.     At  Parkhill  ^"^'^^ 
they  drilled  a  well  and  got  the  same  salt  bed  as  we  have.     The  well  is  a  good  one 
but  is  not  being  used.     At  Petrolia  also,  as  well  as  at  Bothwell,  they  have  the  same  Pe*«>U»- 
salt  bed  as  we  have,  but  more  of  it.     There  it  is  under  the  petroleum,  and  deeper 
than  here.     The  basin  gets  deeper  and  there  is  more  salt  towards  the  south  ; 
probably  the  great  basin  is  under  the  state  of  Ohio.     The  salt  rock  at  Goderich  is       ^rirfit 
&50  feet  below  the  level  of  the  lake.     At  Courtright  they  have  to  go  down  1,500     *""*"  • 
or  1,000  feet  to  get  the  same  salt  bed,  showing  that  it  dips  in  that  direction,  and 
extends  all  the  way.    Across  the  St.  Clair  river  from  Courtright  there  are  two  or  three 
wells,  and  there  are  several  from  there  south  towards  Detroit.     The  whole  of  that  ^^ 

section  of  the  country  is  underlaid  with  salt.     In  sinking  wells  at  Courtright  and  ma^^Sa^SirMoii 
St.  Clair  they  had  the  benefit  of  our  twenty  years'  experience.    They  drilled  their  St.  ciairriTer. 
wells  on  the  bank  of  the  river,  and  that  is  a  grand  place  for  commerce.     A  hundred 
Teesels  pass  there  for  one  that  comes  here,  and  they  can  get  a  great  deal  cheaper 
freights.     There  is  no  teaming  and  no  labor  in  loading ;  the  salt  is  loaded  right 
on  the  vessels.     They  can  make  their  salt  cheaper  than  we  can.     The  day  is  passed 
when  reciprocity  in  salt  would  benefit  Canada.    Salt  has  not  been  found  at  Saginaw,  Saginaw. 
but  I  think  it  is  there  at  a  greater  depth.     It  is  said  that  a  well  was  sunk  near  Detroit. 
Detroit  which  went  through  salt  three  or  four  times  thicker  than   ours.     At 
Blanistee  they  got  salt,  but  of  course  at  a  greater  depth  than  here.     They  have  Manistae. 
been  manufacturing  it  very  cheaply  there,  as  from  the  waste  of  their  sawmills  they 
get  all  the  fuel  they  need. 

H.  Kittredge — I  drilled  six  wells  north  and  south  of  Glencoe  ;  the  deepest  was 
560  feet.  We  cot  a  very  slight  show  in  that  well,  so  slight  that  it  could  hardly  be  ^*  ^'^"ff  ^t 
called  a  show  of  oil.  The  character  of  the  rock  was  very  similar  to  what  it  is  near  oiencoe.  ^  ^ 
Petrolia.  The  first  rock  we  got  in  all  of  those  wells  was  black  shale  ;  below  the 
black  shale  we  got  streaks  of  limestone,  streaks  of  slate  and  soapstone,  and  then 
a  similar  formation  to  that  we  have  here.  Generally  there  were  two  large  veins  of 
soapstone  with  a  layer  of  limestone  between  the  two,  known  here  as  the  middle, 
upper  and  lower  limestone.  After  that  we  got  into  the  hard  rock  which  was  con- 
tinuous.    Oil  could  not  be  found  there  at  the  same  depths  as  here. 

Dtuican  Sinclair — We  strike  limestone  rock  here  at  about  100  feet.  In  some 
places  it  is  35  or  40  feet  thick,  and  there  are  streaks  of  soapstone  in  it.  When  we  Borinr  for  oil  at 
go  through  that  we  strike  about  120  feet  of  soapstone  ;  it  is  soft  and  of  the  nature  ^®^^^ 
of  blue  clay.  Below  that  is  the  middle  lime.  It  averages  from  15  to  18  feet  and 
IB  not  very  hard  ;  it  is  a  kind  of  a  grey  limestone.  Below  that  we  strike  the  lower 
soapstone  ;  it  is  like  shale  and  there  is  about  40  feet  of  it.  Then  we  get  70  or  80 
feet  of  hard  lime  rock  again,  harder  than  the  middle  lime  rock.  After  we  get  to 
400  feet  the  stratum  is  between  a  limestone  and  a   sandstone,  and  is  soft.     That 

fenendly  runs  to  a  depth  of  465  or  480  feet ;  then  we  get  the  oil  rock.  It  is  a  brown 
ind  of  rock,  very  soft  and  porous.  I  have  seen  some  that  looked  like  honey 
coc^b.  Sometimes  we  find  crevices  in  it,  and  the  tools  drop.  The  largest  wells  we 
had  here  were  found  in  crevices,  but  there  are  no  big  wells  got  in  the  crevices  now. 

Hoti,  J.  Baxter — On  the  bank  of  the  Grand  river  four  miles  south  of  Cayuga 
my  brothers  own  a  quarry.  It  is  a  limestone,  but  is  magnesian  and  is  not  good  ^^'"{jj'riJSJ**  ^" 
for  lime.  Under  that  bed  there  is  a  layer  of  stone  that  could  be  manufactured  into 
cement.  Some  years  ago  a  quantity  was  buniod  in  an  ordinary  liinekihi.  Only  a  few 
barrels  were  made,  but  it  worked  as  well  as  the  Thorold,  and  very  much  like  it. 
The  stone  is  grey  and  brown  in  color  ;  a  considerable  (luantity  was  quarried  as  build- 
ing stone  and  they  get  blocks  from  twelve  U)  fifteen  inches  thick  ;  it  has  been  used 
at  Durmville.  The  quarry  extends  along  the  bank  of  the  river  about  half  a  mile. 
The  stone  does  not  stand  the  weather  as  well  as  the  sandstone  ;  it  is  luore  liable  to 
crumble.  About  three  miles  from  Rid<?eway  there  is  comiferous  limestone.  It  is  °*  °** 
extensively  used  in  making  lime,  and  makes  a  first  class  article,  very  white, 
and  about  the  same  quality  as  the  Beachville  lime. 
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Edward  Haycock — I  am  a  civil  engineer  and  mine  owner,  and  my  residence  is 
at  Ottawa.     I  have  explored  the  country  around  Cross  lake,  where  I  saw  mtlena  and 
copper.     The  lake  is  in  the  Huronian  formation,  to  the  north  of  lake  Nipiaaing. 
Six  miles  south  of  the  lake  one  strikes  the  Laurentian  formation.     All  the  dis- 
coveries of  minerals  in  that  section  occur  in  the  Huronian  rocks.     I  found  galena, 
carrying  a  good  deal  of  silver,  and  in  the  same  vein  copper  and  a  good  deal  of  gold. 
The  vein  was  from  two  to  six  or  seven  feet  wide.     It  occurs  in  the  trap  rock,  the 
country  rock  being  clay  slate.    Where  the  vein  runs  into  the  water  it  appears  to  be 
pretty  solid  ;    it  is  about  five  or  six  feet  wide,   and  may  be  seen  under  the 
water  for  some  distance.     On  the  island  it  is  very  much  split  up  and  distributed- 
through  varions  crevices  of  the  rock.     Just  above  Cross  lake,  on  lake  Temagami,  I 
saw  a  great  deal  of  mineral ;  it  was  principally  on  the  south-east  side  of  the  lake. 
I  saw  a  great  deal  of  iron  pyrites  in  deposits,  but  I  do  not  think  I  saw  a  vein  at  all. 
It  was  pretty  pure  pyrites — as  pure  as  [  have  ever  seen  it.     I  had  some  of  it  assayed 
and  the  reports  went  from  5  dwt.  to  3  oz.  and  4  oz.  of  gold  to  the  ton.     Some  of  the- 
deposits  were  very  large.     One  into  which  I  put  a  few  blasts  I  should  say  was  five  feet 
wide,  and  it  has  been  traced  a  little  over  half  a  mile,  all  solid  pyrites.     There  is  a^ 
great  quantity  there  in  the  vicinity  of  the  lake,  but  it  is  too  far  from  a  railway. 
The  only  hope  is  that  the  James  Bay  railway  mav  go  on,  and  if  so  it  would  pass 
close  by.     The  rock  where  this  pyrites  occurs  is  slate.     Some  of  the  deposits  are 
associated  with  trap  ;  the  country  rock  is  clay  slate.    On  the  north-east  side  of  lake 
Temagami  are  some  small  showings  of  cop]>er  in  ({uartz  veins.     The  country  has 
never  been  prospected  or  examined  properly,  and  nodoubtwhen  it  is  largo  deposits  will 
be  found.     The  copper  is  in  bunches  in  the  quartz.     I  saw  one  vein  about  two  or 
three  feet  wide.     The  islands  u|H)n  the  lake  are  full  of  minerals.     There  is  a  fine 
true  rooting  slate  u])on  that  lake,  and  enough  of  it  to  supply  the  whole  continent. 
The  same  slate  is  seen  again  upon  the  Matabechawan,  which  empties  into  lake  Temis- 
caming  upon  the  Ontario  side.     The  slate  is  exposed  and  there  is  a  very  large  extent 
of  it ;  it  is  a  kind  of  groy-grcon.     It  splits  into  all  thicknesses,  from  the  eighth  of 
an  inch  up.     I  have  nut  seen  the  iron  deposits  in  that  region,  but  beautiful  specimens 
have  been  brought  to  me  by  the  Indians,  both  of  hematite  and  red  specular.     The 
Indians  say   the  deposits  are  very  large.     There  is  any  quantity  of  timber,  and 
that  is  one  of  the  dithculties  in  exploring,  the  timber  and  moss  covering  the  land. 
It  is  small  stuff,  such  as  po])lar,  jack  pine,  small  red  pine  and  white  birch.     It  had 
once  been  burned  over.    The  land  around  the  lake  is  not  good  for  farming ;  there  are 
a  few  spots  that  would  make  good  farms,  but  only  a  few ;  it  is  nearly  all  rock — I  am 
speaking  of  the  country  just  around  the  lake.    From  Temagami  lake  is  a  stream 
that  empties  into  the  Montreal  river  called  the  Temagami  branch.     There  are  two 
outlets  from  lake  Temagami,  the  Sturgeon  which  flows  into  lake  Nipissing,  and  the 
one  which  empties  into  the  Montreal  river.     On  that  branch  I  have  taken  up  six 
claims.     On  those  claims  we  got  galena  carrj'ing  from  8  up  to  64  oz.  of  silver  to 
the  ton.     We  got  copper  running  fn»ni  18  up  to  35  per  cent. ,  and  one  assay  of  galena 
gave  us  54  to  64  per  cent,  of  lead.     We  also  got  magnetic  iron  on  the  same  property. 
We  have  one  cojiper  vein  between  ten  and  twelve  feet  wide,  and  galena  veins  from 
six  inches  up  to  fourteen  feet  wide.     The  copper  veins  are  all  sulphurous  ;  they 
are  <iuartz  with  a  little  spar.     It  is  yellow  copper  ore,  but  there  is  a  good  deal  a 
peacock  c  ppor  in  the  large  veins.     Nearly  all  the  veins  have  more  or  less  copper ; 
there  are  four  in  which  the  copper  pretlouiinates,  and  they  strike  north-east  and 
south-west,  the  dip  being  at  about  an  anjjle  of  45'   to  (50  .     All  the  veins  dip  the 
same  way  and  run  the  same  way.     W'e  have  one  vein  between  12  and  15  feet  wide, 
which  has  been  traced  200  feet.     It  runs  about  40  per  cent,  of  mineral,  in  which 
there  is  f re  m  G  to  (>2  oz.  of  silver  to  the  ton  ;  that  is  the  largest  vein.     We  have 
gone  down  about  10  or  12  feet  on  one  or  two  of  the  veins  ;  they  are  in  trap,  the 
country  rock  being  slate  ;  the  veins  cut  through  the  trap.     Dr.  Bell  has  seen  a 
couple  of  them  and  he  says  they  are  true  fissure  veins.     There  is  no  doubt  but 
that  it  will  pay  to  work  some  of  the  large  ones.     I  intend  to  put  on  a  large  gang  of 
men  next  year  ;  and  if  the  veins  i)rove  as  good  below  as  they  seem  to  promise,  I 
shall  put  up  a  couple  of  furnaces.     We  have  plenty  of  charcoal,  and  all  the  flux 
necessary,  and  wo  will  smelt  for  silver,  lead  and  copper.     We  have  got  traces  ol 
gold,  but  I  have  not  found  anything  sufficient  to  consider  valuable.     I  know  of  s 
great  many  other  veins,  some  of  which  I  intend  to  take  up  next  year,,  but  before 
doing  so  I  want  to  put  in  a  couple  of  shots  to  see  how  they  look  below  ;  if  thej 
are  good  I  shall  take  them  up.     They  are  all  in  the  same  district.     The  country  is 
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of  minerals  there,  but  what  is  wanted  is  practical  men  to  explore  it.     One 
1  can  do  Lut  very  little  in  a  wooded  country  like  that.     I  think  gold  will  be 
Eld.     I  have  found  it  in  di£ferent  places,  where  it  ran  from  5  dwt.  up  to  3  and 
E.     I  have  found  it  all  the  way  from  Cross  lake  vp  to  the  height  of  land  in  con- 
tion  with  copper  and  other  minerals.     We  saw  a  great  deal  of  jasper  in  the 
glomerates.     The  formation  is  the  Huronian.     I  have  got  asbestos  from  half  a0 
h  to  nine  inches  long,  but  I  cannot  say  whether  there  is  much  of  it  as  it  has  not 
m  opened  up  yet.     One  of  the  veins  shows  about  a  foot  wide  ;  those  are  veins 
xap,  running  in  the  same  dii-ection  as  the  quartz  veins.     In  some  there  appears  Asbestos. 
i>e  nothing  but  asbestos,  but  nothing  has  been  done  at  all  except  to  scrape  off  the     t 
88.     I  suppose  there  are  seven  or  eight  of  those  veins  there.     I  found  asbestos 
at  the  height  of  land,  in  serpentine  rock.     Up  the  Montreal  river  I  found  rich 
»per  too  ;  there  is  one  vein  there  which  the  Indians  told  me  they  traced  a  mile 
1  a  half,  but  I  did  not  go  over  it.     The  Indians  brought  some  of  the  ore  to  me  ; 
B  very  rich.     At  Round  lake  we  strike  a  splendid  tract  of  farming  land.     There 
I  a'  couple  of  good  Indian  farms  there  now  ;  it  is  a  kind  of  loam,  a  warm  soil.  A  tract  of  good 
e  timber  is  balsam,  birch  and  spruce  ;  it  is  all  second  growth.     There  is  a  great  '*"»»°fif  1*°^ 
)th  of  soil.    I  suppose  there  is  between  five  and  six  inches  of  black  soil.    The  subsoil 
oamy  clay  ;  take  it  in  your  fingers  and  it  will  pulverise.     That  stretch  is  between 

and  30  miles  long  and  6  to  8  miles  wide.     There  is  no  large  timber  upon  it. 
e  Indians  grow  splendid  crops,  potatoes  especiaUy,  but  they  do  not  sow  grain  at 
I  saw  turnips  there  half  the  size  of  my  hat.     I  do  not  know  what  time  the 
taon  opens,  but  I  got  potatoes  on  my  way  down,  and  when  I  arrived  here  they 
ra  only  coming  in.     At  Matatchewan,  stUl  further  up,  the  Hudson  Bay  company 
^WB  splendid  crops  of  barley.     There  is  not  much  good  land  around  the  trading 
it^  but  further  up  the  Hudson  Bay  people  tell  me  there  is  a  still  better  tract  of 
ming  land.     The  whole  of  the  country  from  Cross  lake  to  the  height  of  land 
ur  the  boundary  between  Quebec  and  Ontario  is  a  mineral  country.     It  is  all  in 
I  Huronian  formation,  except  here  and  there  a  spur  of  the  Laurentian.     I  think       . 
9r  the  height  of  land  we  may  strike  coal.     I  have  met  a  good  many  people  who 
r  they  have  seen  it,  but  I  think  it  is  lignite.     That  country  wants  a  railway,  and  x^nway 
len  it  gets  it  there  will  be  immense  mining  woilc  carried  on.     The  mineral  is  facilities  needed. 
ore  ;  mineral  that  will  pay  to  move.     What  is  wanted  is  a  railway  ;  a  colonisation 
id  would  not  answer. 

71  C.  Bailey — I  am  a  civil  engineer,  and  have  been  employed  in  railway  survey- 
I  in  this  country  and  the  United  States  all  my  life.     I  have  explored  portions  of 
rthem  Ontario.     I  located  the  Northern  and  Pacific  Junction  railway  between 
ayenhurst  and  lake  Nipissing.     I  am  chief  engineer  of  the  Ontario  and  Sault  Ste. 
irie  railway,  and  have  been  all  the  way  through  the  North  Shore  two  or  three 
Ilea.     I  have  also  spent  a  good  deal  of  time  in  the  country  north  of  lake  Huron 
d  lake  Nipissing,  and  I  have  explored  that  section  of  country  between  lakes 
pissing  and  Temiscaming.     I  have  just  returned  from  exploring  the  section  of 
iintry  between  lake  Nipissing  and  lakes  Temagami  and  Temiscaming  for  theNipissing  Region  of  coun- 
d  James'  Bay  railway,  being  chief  engineer  of  that  road.     We  were  away  on  that  *n'  explored. 
p  fifty  or  sixty  days.     We  went  in  a  north-westerly  direction  from  North  Bay  till 
I  arrived  at  lake  1'emagami.     We  then  went  easterly  toward  lake  Temiscaming, 
lere  the  Montreal  river  joins  the  lake.     Then  we  turned  southerly,  keeping  to 
ce  Temiscaming,   but  gradually  getting  away  from  it  to  the  Government  road. 
e  came  right  through  on  the  road  to  North  Bay.     The  general  character  of  the 
ontry  from  North  Bay  to  lake  Temagami  is  rolling  land,  with  a  good  depth  of  soil  prom  North  Bay 
d  very  little  rock.     We  could  see  the  soil  along  the  streams,  and  in  nearly  every  to  lakeTema- 
se  there  was  about  three  feet  of  thick  black  loam  with  a  clay  subsoil.     We  could  8^""- 
1  we  were  in  a  good  country  by  the  timber.     There  was  very  little  exposure  of  rock 
lere  the  land  was  goo<l,  although  along  the  lakes  and  rivers  there  were  rounded 
ekfl,  but  no'  as  in  Muskoka.     From  North  Bay  to  Rabbit  lake  the  formation  is 
turentian,  but  beyond  that  it  is  Huronian.     In  many  places  the  country  is  covered 
th  moss.     In  all  the  fiats,   however,   there  is  a  good  extent  of  soil.     On  the 
inded  hills  the  country  is  thickly  wooded  with  Norway  pine.     We  also  found  a 
od  deal  of  white  J)ine  in  that  region,  and  some  splendid  flats  of  sugar  maple,  as  ,.  .,     ^  ♦!   h« 
»11  as  a  good  deal  of  black  and  yellow  birch.     I  measured  some  of  the  pine,  which     *  *°      m    r. 
oved  to  be  20,  30  and  even  40  inches  in  diameter.     We  also  observed  a  greal  deal 
what  the  lumbermen  call  the  **  cork  pine,"  which  is  the  best  variety  of  white  pine. 
some  places  it  is  mixed  with  birch,  but  generally  the  pine  prevails.     The  best 
le  I  saw  was  on  good  rich  land,  a  sort  of  sandy  loam.     The  pine  forests  are  very 
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thick  about  lake  Teniagami  and  around  by  Rabbit  lake.  However,  it  ib  almoit 
impossible  to  transport  tlio  timber  by  water.  There  are  plenty  of  streaiiui  there,  but 
practical  lumbermen  say  there  are  too  many  falls  to  admit  of  timber  being  floated 
down.  We  went  down  the  Matabechawan,  and  alon^  that  ri>*er  there  is  the  linett 
Norway  pine  I  ever  saw.  I  measured  a  lot  of  it  36  inches  through.  Cominfif  down 
%  the  Government  road  from  lake  Temiscaminpr  to  North  Bay  the  land  was  excellent, 
but  five  miles  south  of  Montreal  river  it  was  very  rough.  After  that,  however,  there 
was  a  roach  of  seventy  or  eighty  miles  of  splendid  land.  The  timber  in  that  region  ii 
mainly  white  pine,  black  and  yellow  birch,  and  there  is  a  large  extent  of  beautiful 
spruce  and  tamarac.  The  largest  birch  trees  I  saw  were  from  three  to  three  and  s 
half  feet  through.  They  grow  to  a  height  of  seventy  or  eighty  feet.  Out  of  some 
of  these  trees  you  should  get  on  an  average  three  good  logs  of  say  twelve  feet  in 
length.  The  tamarac  is  sometimes  found  24  inches  in  diameter,  but  a  good  averajj^e 
would  be  15  or  20  inches.  The  smaller  size,  10  or  12  inches  through,  is  uaed  for 
ties.  There  are  also  patches  of  good  young  second  growth  p>oplar  growing  on  land 
that  had  been  burnt.  We  also  found  lots  of  maple,  the  trees  running  from  lO  to  20 
inches  through.  We  saw  considerable  white  ash,  growing  up  to  fifty  or  sixty  feet 
and  about  twelve  inches  in  diameter,  and  it  commanded  admiration.  We  noticed 
some  whitewrK>d,  too,  such  as  formerly  grow  in  the  Lake  Erie  counties  ;  it  growi 
from  24  to  30  inches  in  diameter  and  is  very  handsome.  I  may  say  that  we  met 
with  these  various  timbers  both  going  up  and  coming  down.  Coming  down  the 
Jocko  river  we  found  a  French  Canadian  who  had  settled  on  200  acres  and  had 
several  stacks  of  hay  cut.  He  had  been  there  only  twelve  months  or  so,  and  hid 
gone  into  the  cattle  raising  business.  Another  settler,  a  German,  showed  me 
some  immense  potatoes  he  had  grown  there.  There  are  no  settlers  on  lake 
Temagami,  but  the  Hudson  Bay  company  have  a  post  on  Bear  island,  which  hai 
been  established  about  seventy  or  eighty  years.  There  are  about  fifty  or  siity 
persons  in  the  post,  including  women  and  children.  There  is  good  fishing  in  the 
lake,  principally  whitefish  and  salmon  trout,  and  various  other  posts  of  the  company 
are  supplied  with  fish  from  there.  Potatoes  and  com  are  grown  on  Bear  isuuid. 
During  my  whole  trip  I  saw  no  snow  more  than  tliree  feet  deep  along  the  river. 
An  Indian  told  me  that  the  snow  was  seldom  any  deeper,  and  that  the  winters  were 
not  often  colder.  The  atmosphere  is  dr^',  and  the  cold  is  not  felt  as  severely  ai 
down  here.  I  had  not  a  very  good  opportunity  of  examining  the  country  for 
minerals,  it  being  winter,  but  there  were  indications  of  hematite  iron  on  Tomiko 
river,  and  I  w^as  told  by  an  intelligent  Indian  named  Bocage,  who  was  hunting  witL 
me,  that  there  was  lead  also.  I  also  noticed  some  quartz  veins  in  the  rocks.  The 
Indians  told  me  that  thare  was  C(>p})er  all  around  Temagami,  both  east  and  west,  and 
we  had  specimens  of  lead  and  copper  from  that  region.  There  has  not  been  mudi 
exploration,  but  from  the  nature  of  the  rocks  I  believe  it  must  be  rich  in  minerals. 
Already  settlors  and  investors  arc  t\iming  their  eyes  toward  that  region.  A  couple 
of  weeks  ago  I  wrote  a  letter  to  the  newspapers  describing  the  country,  and  a  few 
days  afterwards  I  was  informed  that  several  American  gentlemen  were  purchasing 
nuips  of  that  district  and  making  more  particular  enquiries  about  the  mineral  depoeiti 
there.  I  am  satisfied  that  as  regards  soil  and  climate  that  country  is  well  suited 
for  agricultural  purposes.  Mr.  Nevin,  who  has  surveyed  the  townships  north  of 
lake  Temiscaming,  has  said  in  his  report  that  out  of  five  townships  there  would  not 
be  over  100  acres  of  bad  land.  A  nunnery  has  been  built  there,  •  and  there  are 
many  French  Canadians  going  in  for  settlement.  In  the  latter  part  of  February  we 
found  the  common  house  fiy  in  our  tent,  and  in  March  and  April  yellow  buttertiiei 
were  fi.ving  about.  W^e  also  heard  the  rosignol,  the  Canada  bird  and  the  swamp 
robin  in  the  last  named  months,  and  crows  were  very  conmion  all  through  the 
winter.  The  country  is  full  of  moose  ;  they  are  there  by  thousands.  They  used 
U)  tread  the  roads  so  heavily  that  it  made  travelling  by  snow-shoes  very  difllcultfor 
We  often  saw  them  playing  on  the  ice,  and  sometimes  came  across  their  stamp* 


us. 

ing  grounds.     We  jilso  tnicked  the  cariboo,  and  the  Indians  say  there  are  plenty  of 

them.     There  are  red  deer  there  too,  and  wo  often  came  across  wolves.    There  is 

an  abundance  of  fur  bearing  animals,  such  as  the  beaver,  marten,  fox,  mink  and 

otter. 

SUmJURY     REOION, 

James  Stohie — About  three  years  ago,  in  1885,  i  discovered  the  Stobte  copper 
mine :  it  is  on  the  south  part  of  5  in  the  1  st  of  Bleziird.  I  opened  it  up  and  sold  it  to  the 
Canada  Copper  Co.  I  am  now  interested  in  a  location  with  a  deposit  of  copper  on 
the  north   half  of  0,  in  the  1st   of  Blezard.     There  has  been  only  a  little  blasting 


59 


<done  upon  it,  but  there  appears  to  be  a  very  large  quanti^  of  ore .    There  is  gold  • 

i^d  silver 4>n  a  property  I  own  on  lot  10,    in  the  6th  of  Creighton.     I  discovered 

it  in  the  latter  part  of  July,  1885,  but  did  not  do  any  work  upon  it  till  recently. 

The  principal  matter  of  the  vein  is  iron  pyrites,  with  more  or  less  galena,  and 

some  quartz,  but  not  in  a  solid  mass  ;  there  is  black  slate  on  both  sides.     The 

assays,  made  from  specimens  taken   up  at  random,  showed  silver  911  and  gold  $7 

to  the  ton.     The  galena  is  in  fine  particles,  and  seems  to  be  mixed  with  the  iron  in 

the  vein  to  a  great  extent.     A  slaty  rock  generally  accompanies  copper  deposits'. 

In  Denison  the  rocks  are  somewhat  similar  to  what  they  are  at  Sudbury,  but  there 

are  some  there  that  are  not  here.     As  a  general  thing  I  would  follow  diorite  for 

copper.     1  do  not  think  you  will  get  much  copper  without  the  diorite.     I  am  told 

it  goes  to  the  gneiss  and  stops  there.     The  diorite  that  most  people  fancy  is  that 

near  the  gneiss,  but  I  do  not  think  the  gneiss  has  much  to  do  with  the  copper.     I 

consider  that  in  the  Sudbury  district  copper  exists  in  paying  quantities,  and  that 

there  is  a  large  amount  of  gold  in  Denison.    There  is  no  good  iron  ore  in  this  range 

that  I  have  seen  ;  there  is  too  much  sulphur.     I  hav^  found  boulders  here  and 

further  north  with  good  ore.     In  the  country  from  Killamey  to  Sault  Ste.  Marie 

we  find  iron  between  quartzite  and  diorite  ;  the  quality  is  very  good  there,  and 

important  discoveries  will,  I  think,  yet  be  made  in  that  section. 

R.  R.  Hedley — I  have  been  out  on  the  ground  where  prospectors  had  made 
discoveries,  and  took  samples  for  myself  and  found  gold.  Those  lots  were  in  Gold  in  Sudbury 
Xiome,  and  are  the  only  ones  I  can  bo  sure  of.  On  the  surface  of  one  property  ^iatrict. 
I  found  matter  that  assayed  as  high  as  four  ounces  ;  from  another  adjoining  that 
I  selected  stuff  that  runs  away  up  in  the  hundred  ounces.  In  connection  with  the 
first  there  was  considerable  pyrites  ;  the  last  was  free  milling.  I  have  examined 
many  specimens  for  different  parties  yielding  low  results,  from  two  to  twelve 
pennyweights. 

jF*.  L.  Sperry — I  am  a  chemist,  and  have  been  living  in  this  country'  abont  three 
yean,   engaged   in  professional   work.     I  think  copper  and  iron  exist  in  paying  Ck>pper,  nickel 
quantities  in  this  section  ;  nickel  seems  to  occur  in  the  iron.     I   suppose  1  have  *""  ^°* 
made  400  or  500  assays  for  different  parties  all  the  way  from  Toronto  to  lake 
Winnipeg.     The  majority  from   this  district   were  of   iron,  nickel,   copper  and 
sulphur. 

P.  C.  (Jampbdl — I  thick  gold,  silver,  platinum,  zinc,  nickel,  tin,  copper  and 
iron  exist  in  the  district  between  Sault  Ste.   Marie  and  Sudbury  in  paying  quan-  Minerals  ioithe 
tdties.     Tin  has  been  found  in  two  cases  mixed  with  other  ores  on  the  copper  range.  b*"^^£lltrl^ 
There  were  no  indications  of  tin  in  the  first  instance,  but  it  was  found  as  the  work    *^^ 
went  down.     I  cannot  say  certainly  that  it  will  turn  out  to  be  in  paying  quantities, 
nor  can  I  say  that  nickel  or  zinc  is  in  paying  quantities  ;  the  other  metals  I  have 
mentioned  I  think  are. 

SAULT    STE.    MABIE    REGION. 

Thomas  Frood — The  sand  in  the  front  of  the  Wallace  mine  property  carries 
amall   but  distinctly  appreciable  quantities  of  gold.     In  five  or  six  places  where  Minermle  in  the 
Williams,   the  Cornish  miner,  dug   into  the   hUl,  small  particles  of  free  gold  were  J^  *^®**®  moun- 
fonnd.     As  yet  no  large  quantity  has  been  discovered.     We  have  not  come  upon 
any  veins  carrying  free  gold,  but  we  have  met  with  galena  mixed  with   iron  in 
several  places.     The  country  rock  of  the  Lacloche  mountains  is  quartzite  cut  by 
bands  of  diorite.     In  some  cases  these  bands  are  parallel   to  the  mountain  ;  some- 
times   they    are   angling   across;     and    this   diorite  always   shows   some   metal, 
generally  pyrites.   I  have  been  told  that  in  places  where  the  diorite  is  cut  by  quartz, 
free  silver  and  copper  have  been  found.     Lumbermen  have  brought  specimens  from 
the  north  slope  of  the   Lacloche   mountains   of  good  galena.     In   the  bands   we 
generally  find  iron  pyrites,  copper  pyrites,  arsenical  pyrites,   small  quantities  of 
specular  iron  and  galena,  but  no  precious  metals.     During  the  last  few  years  1 
have  done  a  great  deal  of  prospecting  from  the  Thessalon  to  the  Mattawa,  and  Aigoma  uid 
from  my  observations  I  do  not  think  there  is  a  sc^uare  mile  in  that  distance  in  Nipissing  dii- 
which  mineral  may  not  be  found  in  appreciable  quantities.     Along  the  shores  of  "*^  * 
the  Georgian  bay  and  on  to  the  height-of-land  will  be  found  belts  of  mineral- 
bearing  rock.     Within  the  last  eighteen  months  the  country  is  beginning  to  be 
better  known,  and  more  prospectors  are  around  than  ever  before.     It  is  only  now 
people  are  commencing  to  recognise  the  possibilities  of  this  section,  and  that  is  the 
reason  that  more  work  has  not  been  done  here  in  the  past ;  but  as  soon  as  capitalists 
folly  realise  the  mineral  wealth  of  the  Algoma  and  Nipissing  districts  there  will 
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*  be  a  great  impi*ovement.     In  the  pa»t,  and  even  yot,  attention  has  been  drawn 

nearly  altogether  to  the  Port  Arthur  district^  and  that  to  a  large  exteift  accounts 
for  the  overlooking  of  this  section  by  capitalists.  In  fact  there  has  been  a  general 
apathy  displayed  hitherto  in  reference  to  tlie  resources  of  northern  Ontario.  It 
hias  been  reported  for  some  time  that  on  the  south  side  of  the  Lacloche  mountains, 
from  Killamey  to  Lacloche,  silver  exists.  Several  specimens  of  silver  and  copper 
have  been  given  me  by  lumbermen  as  having  been  found  in  this  range,  and  I  would 
not  be  surprised  at  any  time  to  find  silver,  copper  and  possibly  gold. 

R.  E.  Bailey — ^At  Batchawana    bay  and  Goulais  bay  we  get  gold  and  silver  ; 

SlinemlB  In  the    *^  Garden  river,  silver  lead,  and  at  Macbeth,  copper.     Those  properties  are  in  the 

Oouiaifl  Bay  and  unsurveyed  district,  and  are  on  Indian  lands.     We  acquired  the  property  from  the 

Bat^Mwana  Bay  Government.     At  Goulais  bay  we  have  two  shafts,  one  twenty -six  feet  and  the  otJier 

twenty  feet  deep  ;  it  is  a  fissure  vein.     At  Batchawana  bay  the  vein  is  sixteen  feet 

wide  ;  the  gangue  is  quartz.     I  have  found  gold  in  it  that  could  be  seen  with  the 

eye,  and  some  sulphurets,   including  traces  of  copper.     The  vein  runs  north-east 

and  south-west.     It  is  about  half    a  mile  inland  from  Batchawana  bay.     The 

Goulais  bay  location  is  about  three  miles  north  of  the  north  point  of  that  bay. 

The  veins  run  towards  each  other-     The  one  at  Goulais  b^  is  about  fifteen  feet 

wide.     The  gangue  is  quartz,  containing  gold  and  silver.     We  have  had  assays  of 

both  with  about  the  same  results  ;  gold  from  $4  to  928,  and  silver  from  $2  to  $8. 

The  assays  were  made  by  reliable  men  in  Milwaukee  and  in  Idaho,  with  the  same 

results. 

jEneas  McCharles — I  have  been  looking  for  the  mother  lode,  which  I  believe 
Gold     d  siWer    ^  ^  somewhere  in  the  district,  but  I  cannot  say  how  far  back.     On  the  north- 
in  the  Sault  ste.  east  quarter  of  27   in  Korah  wc  got  gold  and  copper,  which  together  went  $27. 
Marie  district.     That  is,  taking  copper  at  the  price  before  it  went  up  ;  there  is  6  per  cent,  copper. 
I  think  the  gold  was  from  92  to  94.50.     We  put  some  blasts  in  at  the   Everett 
mine,  on  the  south-east  quarter  of  13  in  Prince  ;  it  assayed,  gold  932,  silver  91. 16. 
I  have  had  a  good  deal  of  assaying  done,  and  I  don't  know  of  any  that  did  not  show 
gold  from  a  trace  up.     One  showed  960 ;    that  was  from  the  west  of  here.     All 
the  iron  from  this  section  carries  more  or  less  silver.     There  is  a  four  foot  vein  of 
galena  in  a  maple  bush  on  the  Goulais  river,  somewhere  about  14  in  Yankoughnet. 

T,  A.  P.  Tirwers — I  think  more  prospecting  has  been  done  this  year  than  for 

Increased  actiy-  the  last  twenty-two  years,  and   I  do  not  think  it  is  likely  to  prove  * '  a  flash  in 

ity  in  prospect-   ^j^g  ^^^ »»  ^jj^g  time.     There  is  no  doubt  that  there  is  a  great  amount  of  mineral  in 

"^'  this  country,   and    more    interest  is  being  taken  now  than  ever  before  in  this 

immediate  neighborhood.     A  great  many   people  go  to  the   registry  office  to  get 

maps,  and  I  know  they  want  them  for  exploring  purposes.     I  am  the  deputy 

registrar. 

MICHIPICOTKN    ISLAND. 

Joseph  Cozeiis — In  July  last  I  purchased  in  conjunction   with  an  American 
Michipicoten       friend  the  Charles  Jones,   Bonner  and  Harbor  locations  cm  Michipicoten  island. 
Island  locations.  These  locations  contain  altogether  about  13,000  acres  of  land,  and  a  veiy  large 
amouut  of  money  has  been  spent  upon  them  in  improvement  and  development. 
The  money  has  not  always  been  judiciously  spent,  still  an  enormous  amount  of  woA 
has  been  done.     The  expenditure  has  been  chiefly  made  upon  the  Charles  Jones 
location,  which  is  situated  on  the  west  end  of  the  island.     The  first  work  of  any 
consequence  appears  to  have  been  done  about  the  years  1860-61  by  Mr.  H.  Fletcher 
Early  explora-     (m  behalf  of  some  New  York  parties.     He  sank  several  exploring  shafts  and  did 
tions.  more  or  less  cross-cutting  and  drifting,  with  very  enc<>uraging  results  ;  so  encoung- 

ing  indeed  that  he  erected  a  small  stamp  mill,  etc. ,  and  produced  several  barrels  of 
copper.  Some  trouble  that  arose  about  the  payment  for  the  machinery  resulted  in 
its  being  seized  and  taken  away.  In  consequence  the  work  was  stopped  and  tiie 
property  practically  abandoned  for  the  time.  About  lb75  the  Quebec  and  Lake 
Superior  mining  association  made  further  explorations,  and  between  that  date  and 
1880  they  made  large  clearings  and  erected  substantial  bams  and  farm  dwellings  npcMi 
the  property.  At  the  same  time  G.  A.  Phillips,  of  Milwaukee,  Wis.,  did  a  con- 
siderable amount  of  exploring  on  and  near  the  east  boundary  of  the  location,  sink- 
ing several  exploring  shafts  from  90  to  150  feet  in  depth,  and  finding  heavy  copper 
in  all  of  them.  In  1880  the  Michipicoten  Native  Copper  company  wns  formed  in 
Woridngon  an  England  with  a  subscribed  capital  of  9220,000,  and  work  was  commenced  on  a  verr 
extravagant  extravagant  scale.  During  the  spring  of  1883  the  company  was  reorganised  with 
9100,000  additional  capital.     After  the  expenditure  of  these  amounts  a  ftttther  soia 
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of  $-30,000  waa  borrowed  on  debentures,  and  also  spent.     In  the  fall  of  1884  the 

company,  being  heavily  in  debt,  went  into  liquidation,  and  the  property  was  pur- 

cbaaed  in  1885  by  the  late  Mr.  Matthew  Curtis,  then  mayor  of  Manchester,  Eng&nd, 

Mr.  Curtis  spent  about  $70,000  in  further  improvement  and  development,  when 

Ilia  sadden  death  in  1887  caused  the  stoppage  of  the  work,  which  was  being  pushed 

forward  witii  vigor.     I  had  charge  of  the  work  for  him,  and  upon  the  executors  to 

Ilia  estate  making  me  an  offer  c  f  the  whole  property  I  purchased  it  at  once,  being 

intimately  acquainted  with  it  and  fully  convinced  of  its  great  value.    The  bulk  of  Depth  9i  ihafts. 

the  work  has  been  done  on  an  amygdaloidal  bed,  similar  in  character  to  the  lode  at 

the  Quincy  mine  on  the  south  shore  of  lake  Superior.     At  the  present  time  the 

main  ahaft  is  sunk  to  a  depth  of  520  feet,  Batler's  shaft  360  feet,  and  about  1,500 

feet  of  drifts  and  croascuts  have  been  run,  opening  up  a  large  extent  of  rich  stoping 

ground.     The  disooveiy  in  1887  of  a  conglomerate  lode  similar  in  character  to  that 

•of  the  celebrated  Calumet  and  Heda  mine  has  added  greatly  to  the  value  of  the 

property.     This  lode  is  situated  about  a  mile  and  a  quarter  to  the  westward  of  the 

main  working,  and  is  about  8  feet  in  width  ;  ita  course  is  north-east  and  south-west, 

and  iiie  dip  about  50*  to  the  south-west.     A  shaft  about  40  feet  deep  has  been  sunk 

on  the  undeiiie,  showing  at  the  bottom  a  pay  streak  of  about  2  feet  carrying  5  per 

cent,  of  ooi^>^.    A  number  of  crosscuts  have  been  made  at  various  depths  up  to 

200  feet  by  the  diamond  drill,  proving  the  extent  and  continuity  of  the  lode  and 

the  increase  in  width  of  the  pay  streak  as  depth  is  attained.     At  200  feet  the  whole 

width  of  the  lode  carried  copper.     The  timber  on  the  island  is  chiefly  maple,  with 

more  or  leas  valuable  spruce,  cedar,  etc.,  on  the  lower  lands.     Cordwood  for  fuel  can 

be  produced  at  a  cost  of  from  $L25  to  $L50  per  cord.     All  the  timber  and  lumber      • 

oaed  in  the  ccmstructioa  of  the  various  buildings  have  been  cut  at  the  saw  mill  on  the 

location.     On  the  Bonner  location  some  work  was  done  nuuiy  years  ago — report  The  Boaner 

flays  on  rich  veins  of  native  silver  and  nickel  ore.     I  have  myself  found  nuggets  of  ^<*^=*^<'°* 

native  silver  on  the  beach  in  front  of  the  location. 

LAKE    SUPKBIOB    BEGIOX. 

8.  J.   IXiicMm,   M.F. — Silver    is    in    Imige    quantities,    and    exists  over  an 
extensive  area  in  this  country.      Iron  is    in    paying    quantities,  and    has    been  ^|^^  „^ 
•diaoovered  in  many  places  throughout  the  district.     Gold  has  been  discovered  boiidivsioiMi 
and  is  report^  to  be  in  paying  quantities  in  different  sections.     Zinc  blende  o'  the  L^ce  So- 
bas    been    discovered    in  quantities    sufficient  to    pay    for   the    manufacture    of  P^^  distrid 
zinc ;    it    is    in    very    considerable  quantities,    and    very    generally    disiributed 
over  the  district.     Galena  is  in  large  quantities  throughout  the  district,  especially 
near  Black  bay.    Building  stone  of  excellent  quality  is  found  in  different  parts  of 
this  district,    from    Verte  island  to   Xipi^on  bay.     Stone    of    excellent  quality, 
color  and  texture  is  now  shipped  to  Chicago  and  other  American  ports,  and  a  con- 
siderable trade  is  arising.      Granite  of  fine  quality  is  found  in  different  places. 
About  twelve  miles  east  of  here,  in  McGr^or,  there  is  a  grey  granite  very  like  the 
Aberdeen.     At  Jackfish  bay  there  is  a  stone  of  a  beautiful  quabty,  the  nicest  I  ever 
saw  ;  it  is  of  dark  color,  and  exists  in  large  quantities.     Samples  of  it  have  been 
poUs^ed.     On  the  Black  river  a  stone  occurs  that  takes  a  hi^  polish,  and  is  very 
Deantifal.    It  is  of  white  color,  spotted  with  crimson,  and  is  of  a  felspathic  character. 
Molybdenite  occurs  in  considerable  quantities  at  the  Black  river,  but  the  market  is 
not  extensive  enough  to  make  it  pay  at  present ;  the  quality  is  very  good  and  the 

?amntity  is  large.    As  to  the  existence  of  copper  in  this  district  in  paying  quantities, 
do  not  know  enough  to  speak  at  present.     We  have  the  most  beautiful  amethysts 
in  large  quantities,  and  sgates  of  a  superior  quality  are  found  about  the  shore.     At 
Pteeont,  ss  {»r  ss  known,  the  most  extensively  dilhised  minerals  in  this  district  are 
iroa  and  silver.     As  fmr  ss  we  know  at  present  the  iron  deposits  are  very  large,  and 
9^  A"^*^  river  of  very  good  quality.      In  the  Mattawa  district  I  understand  there 
are  large  lodes  of  very  superior  quality  of  iron  ore.     Iron  ore  also  occurs  on  the 
Kaministiqua,  near  the  railway  crossing.     It  is  reported,  and  I  think  ascertained  for 
^  fact,  that  the  |?eat  Miimesota  iron  range  extends  past  Gunflint  lake.     It  is  also 
x>nmorted  that  laxge  deposits  of  iron  ore  have  been  found  at  Hunter*s  island.     I 
^>weve  that  range  of  iron  ext^ids  dear  through  our  country,  and  that  the  iron 
^leposits  of  the  Mattawa  are  really  a  continuation  of  it.      I  believe  the  deposits  of 
iieii  to  be  inexhaustible. 

Pder  McKeUair — I  eame  here  in   1863  and  have  spent  most  of  my  time 
iQiee  then  in  this    district.     I   have  been    engaged  in   exploring  for  minerals,  Aneztcosi^ 
^ad  have  done  so  to  a  great  extent  during  the  time  I  have  been  here.     I  have  ^^  "^    ~' 
|ft)ipeeted  all  along  tlie  shores    of    lake  Superior,  from    Michipicoten  to    the  ^'^ 


62 


Marbles,  srran- 
ItM  and  sand- 
ftone. 


SilTer  occur- 
reneei  in  trap 
and  slate. 


Oold-bearlnf 
rocks. 


Systems  of  veins. 


Ad  old  explorer's 
opinion  of  the 
Lake  Superior 
region. 


The  Huroniaii 
and  other  gold 
roininy;  loca- 
tions. 


SiWer  occur- 
renceH  in  the 
Thunder  Bay 
district. 


American  boundary,  and  back  as  far  as  the  heigh t-of -land.  I  have  been  to 
Lak^of- the- Woods,  lake  Nipigon,  the  Whitefish — all  over  in  fact.  I  have  a 
knowledge  of  a  large  extent  of  country.  Gold,  silver,  copper,  lead,  zinc  and 
iron  exist  in  such  quantities  that  they  will  ultimately  pay,  though  some  of 
them  may  not  do  so  at  the  present  time.  There  are  also  telurium,  bismuth 
and  molybdenite,  besides  a  great  number  of  other  economic  minerals.  Stone 
of  different  kinds  aud  marbles  are  found.  There  is  a  great  variety  of  crystalline 
rocks,  such  as  granite  and  syenite,  in  large  quantities.  At  Black  bay  there 
is  an  immense  quantify  of  granite  that  takes  a  beautiful  polish.  It  is  finer  grain  than 
the  Aberdeen  granite,  and  is  in  great  bodies.  There  is  a  fine  red  sandstone  in 
Nipigon  bay.  These  quarries  of  sandstone,  granite,  etc.,  are  handy  for  shipping, 
as  wharves  may  be  built  right  alongside  them.  There  is  a  white  sandstone  in  large 
quantities  at  the  foot  of  Thunder  bay  that  is  of  the  finest  quality.  There  is  also  a 
bed  of  miirble  and  a  very  good  quality  of  soapstone.  It  turns,  further  back,  into 
marble  of  different  colors,  some  banded,  some  clouded,  and  all  very  easy  to  quarry. 
It  is  in  the  Nipigon  formation.  The  brown  sandstone  will  prove  very  lasting,  but 
it  is  not  as  hani  as  the  white.  In  this  section  we  look  for  silver  veins  in  black 
clay  slates  ;  galena  and  zincblende  especially  arc  a  good  indication,  bein^  generftlly 
associated  with  silver  in  the  vein.  At  McKellar  island  the  blende  will  go  from  $800 
to  $900  of  silver.  1  notice,  as  a  general  thing,  that  the  veins  are  rich  beneath  the 
trap  overflow.  They  usually  run  up  through  the  trap,  but  are  not  so  rich  in  it ;  they 
carry  silver,  but  not  much.  The  bed  below  the  trap  seems  to  be  the  richest.  Bonanzas 
are  often  found  immediately  below  the  trap,  in  the  first  layer.  It  is  hard  to  fay 
whether  it  is  the  trap  overflow  or  the  underlying  Huronian  beds  that  cause  the  rich- 
ness. The  gold-bearing  rock  occurs  in  the  Huronian  schists,  the  chloritic  schists.  In 
many  different  places  in  this  formation  gold  has  been  discovered.  At  Heron  hay 
a  vein  shows  well.  At  Jack  fish  b^y  they  have  got  gold,  but  one  cannot  tell  with- 
out a  regular  mining  test  whether  it  wiU  pay.  We  sank  on  olc  vein  twelve  feet;  ifc 
was  rich  in  gold  all  the  way  down.  We  had  half  a  ton  of  the  ore  from  Jackfish  bay 
put  through  a  mill,  and  it  concentrated  as  high  as  $1,000  and  $1,200  to  the  ton.  Tlu^ 
Jackfish  vein  is  in  the  syenite,  and  the  Heron  Bay  vein  in  the  Huronian  formation. 

W.  IV.  Rmsell — We  have  a  north-west  and  south-east  system  to  which  th» 
Beaver  and  Silver  Islet  mines  belong,  and  an  east  and  west  system  to  which  th^ 
Silver  Mountain  mines  belong.  The  Badger  belongs  to  the  same  aa  the  Beaver^ 
but  the  majority  are  east  and  west,  or  a  little  north  of  east. 

J.  C.  Haakliis — I  think  this  Thunder  Bay  district  is  one  of  the  finest  mining 
regions  in  the  world,  and  I  have  been  working  at  mining  since  I  waa  twelve  yeiis 
old. 

WcUpole  Roland — I  have  spent  foui-teen  years  continuously  exploring  in  thii 
region.  I  have  been  in  Nova  Sc(jtia,  British  Colmnbia,  and  the  Northweit 
generally,  from  two  and  a  half  to  three  years  in  the  inland  mines  of  India,  and  is 
other  parts  of  the  world,  and  this  region,  in  my  opinion,  is  without  a  rival  One 
old  mining  gentleman  that  I  met  from  the  west  said,  **  If  we  had  such  ores  and. 
prospects  in  our  country  our  people  would  simply  lose  their  heads,"  and  he  said 
he  had  never  seen  anything  like  it.  The  testimony  of  Americans  generally  has 
been  uniformly  in  the  same  direction. 

T.  A.  Kcefer — Gold  has  been  found  chiefly  in  the  rocks  of  Huronian  age  in  th» 
Lake  Superior  district.      The  discoveries  made  in  veins  in  the  stratified  rods, 
especially  in  the  talcose  and  chloritic  schists,  are   in   my  judgment  those  which  aro 
most  likely  to  be  successfully  operated.     Development  works  in  the  gold-bearintT 
sections  of  the  country  luive  been  prosecuted  on  various  properties,  but  on  a  YtfT 
limited    scale,    the    greater    development    havin^ir  been  maiie  at  the    Huronian 
company's   mine,   in  the   township  of  Moss.     Adjoining  the   Huronian  mine  ir^ 
the  properties   of    the    Highland    and    Ncebish   mining  companies,     on    which 
some  work  has  been  done  with  satisfactory  results,  as  far  as  prosecuted.     I  may 
say  the  same  result  followed  what  little  work  was  done  at  the  Partridge  lake 
gold  mine,    some  miles  north  of  the   Huronian.     Here   the  gold  was  found,  aa 
at  the   Hurcmian  group,   in  its  native  state,  and  with  sulphurets  in  a  quarts 
vein  in  rocks  of  Huronian  age.     A  test  made  of  the  Partridge  lake  gold  nune  on) 
showed  that  portions    of  the  gold   could   be  saved  by    the  free   milling  process^ 
as  well  as  by  concentration,  by  the  same  methods  and  kind  of  madhinery  aa 
were  applied  and   use<l  successfully    at  the   Huronian  company*s   mine.     Silver 
is  found  in  the  Thunder  Bay  district  in  its  native    state    in     its  richest    ore^ 
argentite  (black  silver),  as  well  as  in  union  with  zincblendei  galena  and  pyrites^ 
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salphurets  usually  being  richer  in  silver  when  found  in  close  proximity  to  silver 

ler  in  its  native  state  or  in  the  ore  or  argentite.    The  best  results  obtained  from 

ling  work  in  this  district  have  been  from  the  developments  made  on  veins  in  the 

illit*'8  or  Animikie  series  of  the  Lower  Cambrian  formation,  here  more  commonly 

ed  the  black  silver-bearing  slates  of  the  Thunder  Bay  district.     Some  failures 

e  occurred  in  the  past  where  w  ork  was  started  in  this  formation  in  its  lower 

la,  where  the  cherts  and  dolomites  are  so  common,  and  generally  along  the  edge 

ikirt  of  the  formation  where  the  bed  of  the  slates  is  thin,  and  where  it  has  been 

n  penetrated  by  mining  work.     The  syenite  has  not  as  yet  shown  itself  to  be  a 

k  congenial  to  the  production  of  silver  in  this  district  where  veins  occur  in  it.  .       . 

more  attention  was  paid  to  locality  and  to  the  results  of  these  past  as  well  as 

re  re^nt  developments,  and  if  this  theory  was  better  understood,  I  am  convinced 

it  better  results  would  follow  like  the  good  ones  obtained  where  mining  has  been 

Tied  on  in  the  proper  silver-bearing  horizon  of  this  formation.     Some  efforts, 

lere  the  slates  are  thick  and  higher  geologically,  have  not  been  successful  for 

rious  reasons.     I  may  mention  one.     The  veins  are  not  rich  everywhere,  but  the 

uddle  or  upper  portions  of  these  Lower  Cambrian  shales  have  their  rich  ore  shoots 

id  deposits  which  when  discovered  are  usually  very  productive.      The  Silver 

let  mine,  on  a  vein  which  cuts  a  large  trap  dyke  at  its  junction  with  the  dyke  and 

le  silver  slates  in  comparatively  a  higher  portion  of  the  slates  than  where  other 

Bbrts  failed,  produced  upwards  of  $3,000,000  of  silver.     You  probably  have  the 

Mords  of  production  from  the  Rabbit  Mountain  and  Beaver  mines,  while  you 

now  of  the  very  rich  ore  produced  in  smaller  quantities  and  the  showings  visible 

t  other  mines  in  the  district,  such  as  the  Porcupine,  Silver  Creek  and  others  which 

oald  be  menti  ^ned.     Since  the  Commission  took  evidence  here,  the  Badger  mine, 

rhich,  like  the  others  mentioned,  is  relatively  in  a  higher  geological  position  than 

ome  which  have  not  produced  so  well,  has  made  a  valuable  shipment  of  a  very 

d}^  grade  of  ore.     I  am  told  on  reliable  authority  that  a  recent  shipment  of  a 

ir  load  of  about  fifteen  tons  of  hand-picked  high  grade  ore  from  this  mine  returned 

^yft  935,000,  and  that  another  car  load  of  a  similar  grade  of  ore  is  now  ready  for 

thipment.     In  addition,  there. is  on  its  dumps,  it  is  claimed,  ab^ut  one  thousand 

ioiii  of  mill  rock  awaiting  the  starting  of  its  mill  before  this  ore  can  be  turned  into 

noney.    It  is  unnecessary  to  refer  to  assays  or  mill  tests  of  the  silver  mines  to  prove  ^ich  ore«. 

i^  richness  of  their  veiaa  when  the  eye  can  see  the  silver  in  such  quantities  in  its 

Mtallic  or  native  state,  as  well  as  in  its  rich  ores  so  readily  discernible.     I  am  of 

rloQ  that  the  trap  dykes  and  overflows  of  the  country  have  materially  assisted 
mineralisation  of  the  veins,  and   that  the  silver -bearing  veins  are  more  likely 
^  be  rich  in  the  neighborhood  of  dykes,  as  at  Silver  Islet  and  Rabbit  Mountain 
BiaeB,  or  in  the  slates  in  their  higher  positions  which  have  had  the  influence  of  the 
fc*«p  overflows,  as  at  Beaver,  Badger,  Porcupine  and  others.     These  opinions  may 
*fed  ground  for  further  investigation  by  the  geological  authorities,  while  experi- 
niOB  and  results  hereafter  may  establish  facts  which  will  be  better  understood.     I 
>|e&?e  them  worthy  of  consideration  from  the  experience  I  have  had  and  observa- 
^  I  have  made  in  the  district.     To  give  an  idea  of  the  grades  of  hand-picked  Surface  pickings 
*e  from  the  silver  mines  in  this  district,  I  may  state  that  when  opening  the  ^^^^  fUbbit 
EUWit  Mountain  mine  I  shipped  5,680  lb.    of   ore  from  the  surface   pickings  ^°^"^^°  °^*°*- 
rlnch  yielded,  on  being  sold  to  the  well  known  smelters,  Messrs.  Balbach  &  Son 
if  Newark,  New  Jersey,  775  oz.    in  silver  to  the  ton  of    2,000  lb.;    and   that 
*oia  a  pit  sunk  on  the  vein  to  the  depth  of  ten  feet  I  made  a  further  shipment 
^  tear  load  of  ore  which  on  being  sold  to  the  same  smelters  yielded  3040.41, 
■^  sfter  deducting  smelting  charges,  $590.40  per  ton  of  2,000  lb.     Copper  exists 
n  the  district  in  its  native  state,  in  pyrites  and  as  grey  copper.      The  pyrites  Ck)ppcr. 
'Onetimes  also  carries  either  gold  or  silver,   and   sometimes   both.     The  pyrites 
■uiUy  occurs  in  veins  in  the  Huronian  rocks.     Nothing  but  preliminary  work 
^  been  done  to  my  knowledge  on  these  veins.     Besides  the  vein  at  the  Tip-Top 
■ine,  I  know  of  a  deposit  near  Little  Pic  river  the  ore  of  which  carries  from  five 
^  twenty  per  cent,  of  copper,  and  usually  gold  and  silver  in  varying  quantities. 
Uena  exists   in  the  district,   but   the   veins   of    it  have  not  been  developed.  ^ 
Phey  occur  in  different  places,  the  most  I  know  of  being  in  the  neighborhood  of    *  ^"** 
^ikck  bay.     Should  smelters  be  established  in  the  district  tliese  veins  luay  become 
Bmaneratiye.      They  usually  carry  some  silver.      Zinc  has  also  been  discovered 
a    the    form  of    massive    zincblende,    or     "black   jack,"    the     most    notable  ^*°*^- 
epont  I  know  of  being  that  at  the  Zenith  zinc  mine,  north  of  Nipigon  bay. 
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LAKE-OF-THE-WOOD8    REGION. 

George  Mitchell — I  have  noticed  that  in  the  seyeral  shafts  sunk  in  the  Lake- 
of -the- Woods  re^on  free  gold  is  found  near  the  surface,  fine  and  coarse,  and  in  the 
leafy  form,  the  latter  especially  in  the  Pine  Portage  vein.  Below  the  influence  of 
the  atmosphere  the  gold  is  invariably  found  with  sulphurets.  In  the  Winnipeg 
Consolidated  the  richest  part  of  the  vein  was  in  the  sulphurets.  I  cannot  tell 
the  results  of  the  concentrates,  but  assays  of  them  were  made  by  Prof.  Chapman, 
of  Toronto,  and  J.  B.  Berryman,  secretary  of  the  company,  of  Minneapolis. 

Dr,  HeiiS(yii — I  have  seen  a  deposit  of  magnetic  iron  ore  about  fiftj  miles 
north  of  the  Canadian  Pacific  railway,  on  Eagle  river.  There  seemed  to  bet 
large  deposit  as  seen  from  the  river  (a  sample  of  which  is  produced).  I  fsw 
specimens  of  gold  taken  from  a  location  on  Seine  river,  in  the  possession  of  ^Ir. 
Pither,  Indian  agent  at  Fort  Francis,  which  was  quite  rich  in  free  gold. 

Wm.  Murdoch — I  have  visited  Sultana  island,  Lake-of -the- Woods.  There  are 
six  different  veins  I  visited,  and  ten  foot  holes  have  been  made  on  them.  These 
specimens  are  from  Hand  and  McMicken*s  location.  Sultana  island.  There  are  two 
veins  within  forty  feet  of  each  other  ;  the  veins  are  three  or  four  feet  wide,  and 
they  widen  as  you  go  down.  Gold  seems  to  be  disseminated  through  all  the  veins 
on  Sultana  island,  and  I  think  the  indications  are  very  good.  I  have  seen  very  fine 
specimens  from  Hay  island,  but  there  is  nothing  doing  on  account  of  the  want  of 
capital. 

John  McQtiarrie — I  reside  at  Rat  Portage  and  am  engaged  in  lumbering  on 
Rainy  river.  I  have  been  six  years  in  that  part  of  the  country,  and  have  hid 
plenty  of  opportunity  of  exploring  it.  Although  not  a  mining  prospector  I  have 
gone  over  tbe  country  a  good  deal,  and  made  it  my  business  to  investigate  iti 
resources  for  general  information,  and  I  have  a  general  knowledge  of  the  mineni 
wealth  of  that  region.  There  is  gold-bearing  quartz  and  silver  there  ;  the  gold 
predominates.  I  have  been  on  some  of  the  mining  locations,  among  them  being 
the  Winnipeg  Copsolidated,  Minerva,  Gold  Hill,  Sultana  and  others  on  the  same 
leads.  I  made  a  personal  examination  of  these  locations  and  discovered  gold  on 
three  of  them.  There  is  iron  in  that  district  also,  and  I  have  been  on  one  of  (he 
locations.  It  is  north  of  Rat  Portage,  on  the  east  side  of  the  Winnipeg  river, 
between  Lake-oF- the- Woods  and  English  river.  I  examined  this  property  in  1884. 
The  discoverer  was  a  man  named  Miles,  and  he  believed  from  what  he  heard  from 
those  wlio  tested  the  ore-  tbat  there  was  a  fortune  in  it  for  him.  The  property  it 
first  sight  appeared  to  be  a  solid  mound  of  black  rock,  and  I  could  hardly  believe  it 
was  iron.  It  was  about  70  feet  in  height  and  about  the  same  in  width.  We  went 
to  the  top  of  it  and  could  observe  the  ridge  for  nearly  half  a  mile.  The  iron  lies  in 
a  dark  rock  of  the  nature  of  slate.  We  took  half  a  canoe  load  to  Rat  Portage.  It 
is  magnetic  ore.  There  are  some  fine  specimens  of  gold,  iron  and  silver  on  Riinf 
lake.  Mr.  Alex.  Baker,  of  Fort  Francis,  has  some  splendM  specimens  of  gold  and 
silver  which  he  claims  came  from  there,  and  also  lignite.  They  were  fomid  oa  the 
north  shore  of  Rainy  lake.  Mr.  Thomas  Sheppard  also  had  specimens.  The  qniits 
was  claimed  to  be  gold-bearing,  although  it  does  not  show  free  gold«  and  on  analysii 
there  proved  to  he  considerable  silver  as  well.  Several  specimens  have  been 
brought  in  by  Indiams,  but  they  want  money  before  they  will  tell  where  the  depositi 
are.  There  is  silver  about  three  miles  north  of  Rat  Portage,  near  Lake-of-the 
Woods  and  not  far  from  the  Canadian  Pacific  railway.  This  discovery  was  mide 
on  the  2nd  of  Januaiy  last  by  Mr.  Charles  Moore,  of  Port  Arthur.  There  are  three 
locations  taken  up  on  the  one  lead.  Mr.  McKay,  of  Calgarry,  told  me  the  lead  wii 
40  feet  wide.  It  is  the  only  silver  ore  I  have  seen  in  that  country  that  looked  like 
the  ores  around  Port  Arthur.  No  development  work  has  been  done  there  b^ond 
exploring,  testing  and  getting  claims  registered.  I  have  seen  some  yellow  ochie 
brought  in  by  bagfuls  from  the  Lake-of -the- Woods  of  just  as  good  quali^  as  thit 
sold  by  the  druggists,  and  also  some  Venetian  red.  It  could  be  used  upon  ootiide 
walls  without  grinding,  and  would  make  a  splendid  mineral  paint.  There  are  also 
large  quantities  of  mica  of  a  very  clear  quality  in  the  Lake-of-Uie- Woods  dirtrict 
I  have  noticed  pieces  6  by  8  and  8  by  8  inches  quite  clear.  I  saw  one  vein  whu^  hii 
been  taken  up  by  Mr.  Parsons  and  Mr.  A.  Matheson,  the  Hudson  Bay  compaiiy'i 
factor.  The  property  is  about  fifty  miles  from  Rat  Portage,  and  the  vein  ia  about  eight 
feet  wide.  It  is  claimed  that  the  iron  on  Rainy  lake  is  one  of  the  most  Talaable  minutl 
deposits  in  the  country.  A  gentleman  named  Fraser  came  there  from  the  Red  lake 
iron  range  in  Minnesota,  and  he  said  he  discovered  a  continuation  of  the  range  cax 
the  Canaidian  side  of  Rainy  lake  ;   he  believed  it  was  as  rich  or  richer  than  Um 
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depositfl  on  the  Minnesota  iron  range,  as  it  was  better  ore.  There  are  a  large  num- 
ber of  explorers  in  that  region,  and  tliey  are  chiefly  Americans.  It  would  be  no  S^^f™^""  **'  ****" 
exaggeration  to  say  that  there  is  a  belt  of  land  one  hundred  miles  in  length  and  country .^^"^ 
thirty  miles  in  width  north  of  Rainy  river  and  Rainy  lake  the  general  character  of 
irhich  is  unexcelled  for  agricultural  purposes  by  any  other  section  of  equal  area  in 
Canada  or  the  United  States.  The  soil  is  a  rich  clay  loam,  eight,  ten  and  fifteen 
feet  in  depth.  The  country  is  not  rocky,  and  it  is  timbered  with  cedar,  tamarac, 
spruce,  poplar  and  sone  tine  white  piuo.  A  number  of  settlers  went  in  last  year. 
The  first  settlers  weot  there  about  twelve  years  ago,  when  the  Fort  Francis  lock 
was  built,  and  there  are  some  farms  and  clearings  giving  most  encouniging  results. 
I  have  known  70  bushels  of  oats  and  35  bushels  of  spring  wheat  per  acre  to  be 
grown  there.  One  farmer  has  raised  fall  wheat  for  the  hist  five  years  and  got  about 
30  bushels  to  the  acre.  The  fall  wheat  was  sown  where  barley  had  been  grown  the 
ye»r  before,  and  he  simply  harrowed  the  land  for  the  wheat  without  plowing. 

Frederick  Miller — I  am  a  mining  engineer  by  profession  and  reside  in  Toronto. 
I  ha\'e  explored  around  the  Ge<)i*gian  bay.  Port  Arthur  and  Lake-of-the-Woods.  Various  rc/;o-?> 
I  spent  two  years  in  Madoc.  I  was  engaged  operating  a  gold  mine  on  l(»t  10  in  the 
10th  of  Marmora,  but  it  did  not  amount  to  anything.  I  have  visited  many  of  the 
mines  between  Thunder  bay  and  Pigeon  river.  The  Argyle  mine  on  the  Clear 
river  has  a  good  showing,  and  I  have  seen  particles  of  gold  the  size  of  a  grain  of 
wheat.  There  are  numerous  veins  on  the  Lake-of-thc-Woods  that  are  worth 
developing,  and  that  will  be  developed  iis  soon  as  patents  are  granted, 

GENERAL  SURVEY  OF  THE  PROVINCE. 

Dr.  Selicjpi — 1  have  been  director  of  the  Geological  Survey  of  Canada  for 
the  last  nineteen  years — since  1^69.  I  have  explored  many  parts  of  the  country  Resriona 
myself,  but  have  not  been  much  over  the  eastern  part  of  Ontario.  My  explorations  explored. 
have  been  mostly  in  the  western  part  ;  that  is  about  Lake-of-the-Woods  and  west 
to  Manitoba  ;  also  around  the  north  shore  of  lake  Superior.  I  have  been  around 
the  whole  of  the  north  shore  from  Port  Arthur  to  the  Sault.  I  know  the  silver 
bearing  region  west  of  Port  Arthur,  the  region  around  Lake-of-the-Woods,  and 
Ijake-of -the- Woods  itself  to  nome  extent.  I  have  travelled  through  the  country 
between  the  silver  bearing  region  and  Lake -of -the- Woods.  I  have  not  been  on 
the  height  of  land  between  lake  Superior  and  Hudson  bay.  This  summer  I  was 
through  the  district  north  of  the  Georgian  bay,  through  Algoma,  in  the  neighbor- 
hood of  Sudbury,  and  from  there  to  the  Wanapitae  and  Vermilion  rivers. 
1  have  not  explored  closely  west  of  the  Vermilion  river  to  the  Lake-of-the- 
Woods.  I  was  at  the  Garden  River  and  Echo  Lake  mines,  ani  this  summer 
examined  the  country  from  the  Sault  Ste.  Marie  to  the  Bruce  Mines.  I 
have  not  examined  the  coast  east  of  the  Thessalon  river,  and  cannot  say  that  I 
have  explored  that  river.  I  have  been  on  parts  of  the  Vermilion  and  Spanish 
rivers.  I  have  travelled  through  the  country  south  of  lake  Nipissing,  but  have  not 
explored  it.  I  have  travelled  in  the  neighborhood  of  Owen  Sound  and  Colling- 
wood.  I  have  travelled  through  Hastings  and  have  visited  the  gold  mines  of 
Madoc  and  Marmora  and  some  of  the  iron  mines.  I  have  not  visited  any  of  the 
phosphate  mines  of  Ontario.  I  have  not  explored  any  parts  of  Renfrew.  A  great 
portion  of  the  knowledge  I  have  is  from  the  work  of  my  assistants.  I  cannot 
remember  all  the  places  where  gold  occurs,  but  I  could  indicate  them  on  the  map. 
Wherever  the  Huronian  rocks  occur  you  are  likely  to  find  gold  bearing  veins,  and  tracing  qj^ 
also  other  mineral  deposits.  That  has  been  the  reason  I  have  made  it  my  object  Hurontanar cm* 
to  trace  out  the  Huronian  areas  and  show  them  on  the  maps.  Some  of  the  iron 
ores  occur  in  the  Laurentian.  Gold  especially  is  associated  with  what  wo  call  the 
fiiunoniau  rocks.  When  we  get  into  the  typical  Laurentians,  where  there  is  no 
interlamination  of  Huronian  rocks,  we  find  that  they  are  very  barren  of  economic 
minerals.  One  of  the  best  proofs  of  this  is  that  in  the  great  breadth  crossed  by 
the  Canadian  Pacific  railway  on  that  formation  there  is  almost  an  entire  absence 
of  mineral  veins  of  any  importance.  The  largest  band  of  the  Huronian  is  the  one 
north  of  the  G^rgian  bay.  It  commences  near  Killarney,  strikes  north-east  and 
crosses  the  Canadian  Pacific  railway  as  shown  on  the  map.  The  diorites  are 
almost  invariably  associated  with  gold  bearing  quartz  veins.  As  far  as  I  know  the 
western  limit  of  this  Huronian  area  is  on  the  upper  branches  of  the  Vermilion 
and  Spanish  rivers.  Another  area  occurs  in  the  valley  of  the  Michipicoten.  The 
exploration  of  the  back  country  has  been  principally  along  the  channels  of  rivers,. 
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and  though  that  gives  a  general  idea  of  the  country  it  cannot  be  conudered  an 
exhaustive  exploration,  3^et  I  do  not  hesitate  to  say  that  tlie  publication  of  the 
geological  map  has  been  of  considerable  assistance  to  prospecting  in  th  )fle  districti. 
Between  lake  Superior  on  tha  east  and  Lake-of-the- Woods  on  the  west  several 
belts  of  the  Huronian  occur,  running  north-east  and  south-west.  In  the  Lake-of- 
the- Woods  the  Huronian  occurs  very  largely  developed,  and  all  the  recent  dis- 
coveries of  gold  in  that  district  aro  in  that  formation.  Everywhere  I  know  of  in 
eastern  Unt^irio  gold  is  associated  with  the  Huronian  rocks.  It  occurs  in  rocks 
that  have  been  called  Lauren tian,  as  at  Madoc  and  Marmora,  but  that  they  are  so  is 
doubtful ;  they  are  more  like  Huronian  rocks.  The  principal  gold  finds  as  far  as  I 
know  in  Lake-of-the- Woods  district  occur  in  the  Huronian  rocks,  as  does  also  the 
Huronian  mine  further  east,  and  others  in  the  vicinity  of  Lac  des  Mille  Lacs. 
The  next  and  perhaps  the  most  important  gold  district  is  in  the  vicinity  of 
Sudbury.  They  are  now  finding  gold  bearing  veins  down  the  Thessalon,  and  all 
through  tliat  region  from  the  north  shore  of  the  Georgian  bay  to  north  of  Sudbuiy. 
I  have  been  examining  the  veins  of  Lake-of-the- Woods,  Sudbury  and  Thessalon 
during  the  last  three  weeks,  and  my  opinion  of  them  is  much  the  same  as  I 
expressed  of  the  Mannora  and  Madoc  gold  n)incs.  I  considered  the  veins  were  not 
sufficiently  large  or  constant  to  prove  very  profitable  ;  that  while  at  times  they  are 
very  rich,  only  very  exceptionally  will  they  prove  to  be  permanently  profitable. 
With  few  exceptitms,  as  far  as  I  have  seen,  they  are  not  what  I  consider  to  bo  real 
fissure  veins ;  they  are  gash  veins,  more  •  r  less  lenticular.  I  have  come  to  the  con- 
clusion that  if  you  can  examine  the  outcrop  of  a  vein  on  its  strike  or  horizontal 
extension  3'ou  have  good  evidence  of  how  it  will  behave  on  its  vertical  extension. 
This  lenticular  character  of  m:iny  of  the  veins  is  characteristic  of  the  Huronian 
gold  veins.  The  best  veins  in  Australia  <are  in  soft  sLity  rocks,  not  at  all  like  the 
Huronian  gold  rocks.  I  consider  that  diorite  and  luont  hornblendic  rocks  are  of 
igneous  origin.  The  vein  matter  differs,  but  is  mostly  quartz ;  gold  h;u)  been  found  in 
a  great  variety  of  rocks,  and  it  has  been  stated  that  traces  of  it  can  be  found  in 
almost  every  metallic  minend.  Near  the  surtace  gold  is  almost  always  iu  the 
mettdlic  state,  but  as  ycm  get  down  it  passes  into  sulphurets  ;  that  change  ocean 
about  the  line  of  permanent  siktumtion.  1  have  not  seen  much  mispickel  in  the 
Lake-of-tlie-W^oods  and  Sudbury  disti  ictK  ;  magnetic  pyrites  containing  nickel  and 
other  sulphurets  of  iron  and  copper  are  the  prevailing  ores.  I  do  not  know  whether 
any  of  the  Lake-of-the- Woods  ore  has  been  jissayed  for  nickel.  I  never  saw  mis- 
pickel elsewhere  in  such  c}uantity  a'^  at  the  Marmora  mines.  At  Sudbury  I  did  not 
see  any  mispickel.  In  Nova  Scotia  the  richest  specimens  of  free  gold  were  found 
near  the  surface.  As  they  got  deeper  in  most  cases  the  veins  appeared  to  get 
poorer,  that  is,  the  yield  was  less  :  but  it  was  not  so  in  reality,  much  o'  the  gold 
being  lost  with  the  pyrites  in  the  t;iiliugH.  Dr.  Hinit  i^ade  several  analyses  of 
Nova  Scotia  tailings  and  found  nearly  as  much  gold  remaining  as  had  been  taken 
out.  I  was  at  the  Vermilion  mine,  but  did  not  examine  it  to  any  depth  as  they 
would  not  allow  me  to  go  down  into  the  mine.  I  could  not  trace  the  vein  far, 
perhaps  50  or  GO  yai-ds.  but  the  rocks  are  not  well  exposed  :  it  is  a  quartEite, 
alongside  of  which  is  a  great  band  of  diorite.  The  mine  on  the  top  of  the  hiU 
seems  to  be  iu  diorite.  The  Huronian  rocks  are  generally  hard  and  tough.  The 
softest  aud  best  matrix  is  at  the  Huronian  mine  ;  that  vein  can  be  traced  seTeral 
hundred  yards,  and  is  I  think  four  or  five  feet  wide.  I  have  not  seen  Tezy 
wide  veins.  I  have  seen  one  for  a  short  distance  eight  or  ten  feet.  There  is 
one  opposite  the  W^hitefish  station  on  the  Algoma  branch  of  the  Canadian  Fsdfic 
that  is  very  wide  and  massive,  but  it  seems  to  be  pinching  out.  I  could  not 
see  any  mineral  in  it  except  a  little  pyrites,  but  the  owner  told  we  samples 
had  been  assayed  and  gave  a  considerable  yield.  All  through  the  Sadbniy 
district  there  are  numerous  veins,  and  any  of  them  may  turn  out  auriferooa.  1 
don't  think  there  is  any  doubt  but  that  there  are  a  great  many  veins  that  have 
not  been  discovered.  There  is  an  immense  area  that  has  not  been  prospected 
at  all.  I  have  never  found  gold  in  alluvial  soil  in  Ontario,  but  I  have  been  told 
it  occurs  at  Rat  Portage,  and  that  wherever  these  rich  veins  are  you  can  scrape 
the  soil  and  wash  out  gold.  I  have  never  seen  it  washed  out  as  they  do  it  on 
the  Saskatchewan,  but  I  think  in  some  of  the  valleys  there  should  be  alluvial 
gold.  The  silver  bearing  rocks  are  altogether  different  and  distinct  from  the  gold 
bearing.  They  are  in  the  Animikie  series.  That  series  extends  westward  from 
about  the  east  end  of  the  Nipigon  bay.  It  crosses  the  Canada  boundary  on 
Pigeon  river,  and  I  think  extends  to  near  Duluth.     It  occupies  several  townah^M 
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Port  Arthur.     The  K&kabeka  falls  are  near  its  northern  boundary.     The 

»mpo8iiig  the  Animikie  series  are  very  hne  cherts,  argillites — or,  as  most 

call  them,  slates,  but  not  such  as  will  do  for  roofing—  and  dolomites,  trap 

nd  dykes.     I  have  examined  a  number  of  the  silver  veins  in  that  district. 

ury  in  their  course  I  think  ;  if  I  remember  rightly  they  are  a  few  degrees 

f  east  and  south  of  west.     The  veins  are  of  different  widths — I  have  seen 

)Ty  good  ones  five  or  six  feet  wide.     They  are  almost  aU  in  tlie  argillites  ; 

f  exception  that  I  know  of,  and  it  is  liardly  an  exception,  is  Silver  Islet ; 

that  the  productive  part  occurred  in  a  dyke  that  cut  the  ars^illites.     In  the 

>rhood  of  the  Rabbit  and  Beaver  mines  there  is  a  dyke  cutting  the  veins.  S^^ISJJ.'****' 

rrtand  they  struck  a  dyke  in  the  Beaver.     As  a  rule  the  silver  bearing 

re  calcareous.     A  great  deal  of  the  matrix  is  calcite,  and  there  is  only  a 

amount  of  quartz.     In  tbe  gold  veins  calcite  is  almost  absent.     In  the  rich 

:  gold  veins  the  matrix  is  quartzose,  but  there  are  exceptions.     In  Nova 

there  was  a  vein  of  pure  pink  cry>talline  calcite  that  gave  a  good  yield  of 

I  think  very  highly  of  the  silver  bearing  veins  ;  most  of  them  are  true  fissure 

The  general  vridth  of  the  silver  veins  varies  much,  but  I  would  say  that  three  True  fisture 

feet  would  be  about  the  average.    I  am  not  aware  of  the  occurrence  of  silver  ^^i>«* 

re  silver  in  any  place  else  in  Canada,  but  it  occurs  with  galena  and  gold 

)re.     I  cannot  say  whether  it  occurs  with  galena  in  paying  quantities.     Some 

>f  samples  from  tha  Garden  River  mine  gave  800  oz.  to  the  ton.     I  am  told  gii^^r  occurriDv 

ine  is  closed  on  account  of  litigation  ;  it  is  in  the  Huronian  formation.     The  with  g»iena. 

aming  galena  gave  a  considerable  amount  of  silver.     If  a  vein  is  very  large 

amomit  of  silver  will  make  it  ])ay.     When  it  occurs  with  galena  it  is  not 

b  to  extract ;  it  has  to  be  smelted  of  course.     I  have  heard  of  it  in  the  neigh- 

d  of  Allumette  island  in  the  Otrawa.     There  are  a  number  of  p'aces  where 

II  get  galena  that  will  give  an  assay  of  a  few  ounces  of  silver  to  the  ton.  I 
,  aware  of  any  place  where  it  has  been  found  in  the  Laurent ian  formation. 
lliam  Logan  pointed  out  two  copper  uearing  series  around  lake  Superior  ; 

rer  is  the  Huronian,  and  the  upper  is  the  Keweenawan,  which  lies  over  the  b^^J rocks. 

rearing  Animikie,  and  corresponds  as  far  as  I  know  with  the  copper  bearing 

n  Michigan.     The  Keweenawan  series  has  been  traced  out  ;  the  rocks  of 

rmation  occur  in  the  Nipigon  basin,  around  Nipigon  bay,  and  are  found  as  jj,^  Keweenaw- 

t  as  Gros  Cap.     Michipicotcn  island  is  entirely  composed  of  them.     They  an  series. 

\.t  intervals  along  the  north  shore  of  lake  Sui>erior,  but  they  do  not  appear 

ively  till  you  get  to  St.  Ignace,  Simpson  and  other  islands  which  form  the 

m  shores  of  Nipigon  bay.     They  extend  a  little  way  inland  on  the  north 

but  not  far,  and  I  do  not  know   that  they  have  been  found  to  be  copper 

g  there.     The  greatest  exposure  and  thickness  of  them  occurs  on  Simpson 

».  Ignace  islands.     At  Michipicoten  island  and  at  Mamainse  point  sulphurets 

I  as  native  copper  were  found.     I  do  not  know  that  the  sulphurets  were  ^.  . .  .    . 

in  sufficient  quantities  to  pay  ;  the  mining  there  was  for  native  copper.     I  uuud.  *^**  " 

>thing  at  Michipicoten  that  I  could  call  veins  ;  there  are  beds  impregnated 

opper  not  unlike  those  of  the  celebrated  Calumet  and  Hecla  mines.     Similar 

ocur  at  Mamauise,  and  there  are  some  sulphurets.     There  is  no  exposure  of  M*°»**n*«- 

:  at  Gros  Cap  that  I  know  of,  though  the  cupriferous  aiuygdaloids  occur  there,  g^s  Cap. 

Ignace  mines  were  opened  forty  years  ago  and  nothing  has  been  done  since,  gt.  ignace. 

understand  work  has  been  done  there  lately.     At  Silver  Islet  the  sinking  stwer  islet. 
,000  feet  did  not  reach  the  bottom  of  the  Animikie  series.     In  the  Shuniah 
they  penetrated  to  the  granite ;    I  am  not  certain  whether  the  vein  con- 
i  in  the  granite.     One  of  the  great  mistakes  that  our  miners  have  made  in 
est  has  been  injudicious  work  and  expenditure.      The   reason  sometimes  shaniah. 
for  so  doing  is  that  they  have  to  make  a  show.     Nearly  all  the  copper  in  the 
lian  is  in  quartzose  veins  in  the  character  of  yellow  sulphurets  ;  in  the  other  Qu^_*«ose  ei 
tion  native  copper  predominates.     In  the  province  of  Quebec  there  are  mines 
I  Huronian  or  Pre-Cambrian  rocks,  and  there  is  another  set  in  which  native 
r  occurs  belonging  to  a  higher  series  and  holding  the  same  relation  to  the 
aian  that  the  Keweenawan  does  on  lake  Superior.     The  Wallace  mine  is  the 
aa  the  Sudbury  mines  ;  it  is  a  nickeliferous  pyrites.     The  Sudbury  ores  are  in  ^^  Wallace  and 
it  impregnated  bed,  not  a  true  fissure  vein,  and  the  ore  exists  in  vast  quan-  sudbury  loca- 

I  cannot  say  whether  the  operations  there  will  be  successful  or  not ;  much  tions. 
)  product  of  the  mine  is  wasted.    If  the  ores  were  treate  1  by  the  Vivians  in 
tea  they  would  save  the  iron  and  the  sulphur  as  well  as  the  copper  and  the 
L    They  mix  ores  from  all  parts  of  the  world,  and  they  can  then  work  them 
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to  greater  advantage.     I  wont  to  the  Copper  Cliff  a  couple  of  years  ago  ;  it  is  a  great 
massive  impregnated  bed  or  stockwerk.     I  saw  the  Bruce  mines  when  in  operation 
in  1873,  and  was  there  again  this  summer.     The  veins  there  are  more  regular ; 
they  appear  to  cut  through  the  rocks.     There  may  be  a  true  fissure  vein  without 
displacement.     I  have  seen  gash  veins  very  continuous  for  a  long  distance.     What 
I  say  in  reference  to  veins  generally  if>,  that  as  you  descend  they  will  as  a  rule  be 
about  tlie  siimo  as  they  are  on  the  sui*face.     The  ore  in  the  Bruce  mines  did  not 
give  out  at  all  ;  the  work  8toj)pod  on  account  of  a  fjill  in  the  price  of  copper.    I 
know  of  no  place  where  nickel  is  associated  with  pyrrhotite  in  paying  quantities 
except  at  Sudbury.     There  tliey  are  looking  entirely  to  the  nickel  and  not  to  the 
copper  to  pay  them.     Both  hematite  and  magnetite  ores  have  been  found  in  laige 
quantities,  but  more  magnetite  than  hematite.     In  some  mines  they  are  mixed,  as 
at  the  Haycock  mine  near  Ottawa,   where  we  find  both  together.     Si)ecular  ore  is 
also  found  with  them  to  ^oma  extent.     It  is  found  with  magnetite  in  the  eutem 
townships  of  Quebec.     1  have  not  seen  any  large  <£uantitics  from  the  large  mag- 
netic tlep<»5ita  of  Ontario.     The  magnetic  ores  are  generally  associated  with  the 
Laurentian  rocks,  and  mostly  in  tlie  vicinity  of  crystalline  limestone.     We  find 
both  hematite  and  magnetite  sometimes  associated  with  the  Huronian  rocks.    On 
the  Kaministicpiia  river  a  jaapery  ore  occuns  ;  there  is  also  some  hematite.     The 
hist  place  I  saw  such  a  deposit  is  28  miles  east  of  Port  Arthur.     The  deposits  are  in 
the  nature  of  contact  deposits,  at  the  junction  of  two  foi-mationa.     I  think  the  rocks 
in  rear  of  Port  Arthur  are  a  continuation  of  the  Vermili<m  range  of  Minnesota,  and 
there  is  no  reason  why  the  dep<jsits  should  not  be  as  rich  on  the  Canadian  as  on  the 
American  side.     As  I  imderstand  it,  iron  occurs  in  Ix^th  the  Huronian  and  the 
Animikie  formations  ;  the  hematite  mostly  in  the  Animikie,  and  the  magnetite 
mostly  in  the  Huronian      There  is  iron  ore  on  the  nortli  shore  of  lake  Nipigon.    I 
think  it  is  ver}*^  rich,  but  as  far  as  I   know  it  has  not  been  analysed.     I  have  seen 
specimens  of  it ;  it  is  a  slaty  hematit'e.     Deposits  have  been  opened  up  at  Goulais 
bay  and  at  Gros  Cap  ;  those  are  in  the  Huronian,  I  think.     I  visited  GroB  Cap  and 
found  a  pit  dug  out  and  some  of  the  ore  thrown  up  ;  it  was  magnetite.     I  yisited 
the  deposit  worked  someyeirs  iigo  by  Mr.  Stobie,  known  as  the  Stobie  iron  inine^ 
north  of  lake  Huron.     It  was  opened  in  two  places  ;  ib  is  associated  with  Huronian 
quartzite.     I  never  saw  any  iron  ore  in  the  Sudbury  district.     On  an  island  in  like 
Nipissing  there  is  what  is  considered  to  be  a  large  deposit.    I  cannot  say  whether  it 
is  in  the  Laurentiaii  or  not.     As  a  general  thing  iron  ore  in  the  Laurentian  rocks  it 
as5i(x;iated  with  crystalline  limestcme.     I  think  the  Huronian  rocks  are  veiy  favor- 
able for  iron  ores,  but  some  of  them  carry  a  good  deal  of  titanium.     I  have  heard 
of  iron  ore  up  the  Ottawa,  and  it  is  quite  likely  there  are  such  deposits.     I  have 
not  examined  Renfrew  county  or  North  Lanark,  but  Mr.  Vennor  mentions  a  good 
many  iron  deposits  in  that  country.     He  found  magnetite,  but  I  do  not  reoolleet 
whether  he  found  hematite  ;  I  think  he  did,  but  am  not  certain.     I  do  not  think 
he  found  any  bog  iron.    At  Carleton  Place  there  are  showings  of  what  appeals  to  be 
good  iron  ore  ;  it  seems  to  lie  in  a  fissure  in  calciferous  limestone.     1  have  not 
visited  the  mines  along  the  Kingston  &  Pembroke  railway.     I  think  Mr.  Coite 
visited  them  recently.     I  visited  Hastings  section  some  years  ago,  when  the  GaUing 
Gold  mine  was  being  worked,  and  I  stated  my  opinion  then  as  I  have  stated  it 
to-day.     There  is  plenty  of  iron  ore  in  Ontario,  but  many  of  the  ores  contain  agrest 
deal  of  sulphur.     The  ore  is  chiefly  magnetite.     There  are  large  deposits  of  iron  ot^ 
in  the  Laurentian  formation,  but  I  cannot  say  anything  about  the  quality  of  snjr 
particular  deposit.    They  vary  considerably  in  this  respect.     I  have  not  ezaminea 
the  phosphate  beds  in  Ontario  ;  I  have  in  Quebec.     They  oocur  on  both  side^ 
similarly,  and  in  the  same  rocks  on  both  sides  of  the  river  ;  and  I  do  not  see  wh^ 
there  should  be  more  on  one  side  than  the  other,  except  there  is  a  larger  areao* 
the  Laurentian  rock  on  the  north  or  Quebec  side.     I  never  saw  any  deposits  that^ 
could  say  were  int^rstmtified  ;  they  are  very  irregular.     I  have  seen  no  evidence 
to  lead  me  to  suppose  that  phosphate  bearing  beds  are  shallow.     I  believe  yoa  csC- 
follow  them  down  to  any  depth  and  be  liable  to  find  apatite  deposits.     I  have  viC^ 
personal  knowledge  of  mica  in  Ontario.     The  best  mica  mine  now  being  worked  i^ 
the  Villeneuve  mine,  in  the  province  of  Quebec.     At  Garden  river  they  are  OPJP'^ 
ing  a  quarry  of  beautiful  dark  marble,  a  Huronian  lime*^tone  or  dolomite.    Th^ 
Garden  river  baud  extends  for  many  miles ;  it  crosses  Echo  lake  and  has  bee9 
traced  an  i  ma])ped  through  that  country  by  Sir  William  Logan.     I  do  not  think  ifc 
is  uniform  in  character  ;  in  one  place  I  think  the  beds  would  be  better  than  in 
others.     It  seems  to  bo  a  very  beautiful  and  good  marble,  and  the  openings  of 


rivor  I  consider  look  exceedingly  promising.     Wherever  the   Laurentian 
limestones  occur  we  can  quarry  them  for  mar>)le,  but  they  are  generally  coarse  in  ]^"^|1^* 
tlie  grain.     I  have  not  seen  the  marble  at  Bridgewater,  but  suppose  it  is  the  ordin- 
ary  Liaarentian  crystalline   limestone.      I  have  seen  some  specimens  that    were        . 
brought  from  the  township  of  Barrie.     The  marble  there  is  coai'so  gniined,  and  ha^'      "^** 
•specks  of  quartz  and  other  minerals  in  it.     I  have  seen  the  Amprior  marble,  and 
think  there  should  be  no  difficulty  in  «|uarrying  it.     Some  of  tljat  marble  is  very  Amprior. 
beautiful.     Tt  has  already  been  extensively  used  and  its  value  proveil.     .AJI  lime- 
■stones  capable  of  takinc^  a  polish  are  marbles.     I  have  never  visiteil  the  gy])sum  Gvp«um. 
beds  ;  they  were  examined  and  described  years  ago.     -Most  cjf  my  time  has  been 
devoted  to  areas  never  visite  I  before  by  the  survey.     The  specimens  of  gypsum 
from  Ontario  show  it  to  be  as  good  as  any  you  can  get  fur  making  plaster.     I  do  not 
think  it  occurs  in  quantity  in  (Ontario  unless  it  be  in  the  basin  of  Moose  river.     I 
do  not  know  of  its  beins;  there,  but  I  think  it  is  likely  to  be  found.     There  is  in 
Ontario  an  unlimited  amount  of  salt  :  the  quantity  that  can  be  obtained  is  only  ^^• 
limited  by  the  demand.  .  I  think  Dr.  Hunt  m.ide  analyses  of  it  and  reported  fully 
on  its  occurrence.     In  all  probability  there  is  a  ver}*  large  area  of  petroleum  bearing 
sstrata  under  central  Ontario  which  has  as  vet  never  been  reache<l.   and  which  cor-  Petrolcmn. 
responds  with  the  Ohio  petroleum  bearing  strata.     1  think  there  is  no  doubt  but 
that  the  province  of  Ontario  has  great  minend  resources  which  are  awaiting  devel  p- 
ment^     Not  one-tenth  part  of  the  country  has  been  explored.     With  a  thorough  TJ»«  imporUnoe 
■exploration  many  valuable  discoveries  should  be  made,  though  njany  of  them  c«>uld  ®    '^  ° 
not  be  utilised  under  existing  conditions,  such  as  dittieulty  of  access,   etc.     When 
these  change  they  will  become   valuable,  and  in  the  meantime  the  kuowkdge  of 
their  existence  will  of  course  hasten  that  change. 

S.  B,  BorroH — North  of  the  height  of  land  between  the  great  lakes  and  Hudson 

hay  is  a  territory  containing  8<mie  00,000  s<|uare  miles.     I  luive  traversed  this  terri-  ^.j^^  Huiiwn 

tory  from  the  height  of  land  to  James'  bay  on  all  the  principal  rivers,  and  have  Bay  slope. 

ascended  many  of  the  chief  tributaries.    The  exploration  of  this  tei  ritory  is  rendered 

Tory  difficult,  and  for  the  most  part  impossible,  owing  to  the  fact  that  the  face  of 

Ihe  country  is  almost  entirely  covered  by  l>oulder  or  drift  clays,  samls  and  gravel. 

In  no  part  of  the  province  is  so  small  a  proi>ortion  of  the  underlying  or  bed  n:>ck 

-exposed  to  view.     So  much  of  the  rock  as  can  be  seen  is  found  on  the  banks  of  the 

rivers  and  upon  the  shores  of  the  lakes.     In  the  former  it  is  met  with  at  the  rapids 

and  falls,  and  occasionally  near  the  water's  edge,  where  narrow  reefs  have  been  cut 

through  by  the  action  of  the  water,  but  very  rarely  do  such  ex]>osures  extend  inland 

more  than  a  few  chains.     In  the  lakes  it  is  generally  at  the  i>oints  and  headlands 

where  the  rock  is  visible,  and  also  on  the  b-inks  of  the  rivers :  it  is  almost  invariablv 

concealed  by  loose  material  or  vegetable  gn>wth  a  very  short  distance  back  from  the 

shore.     The  rocks  exposed  are  usually  the  hardest  and  probably  the  least  favorable 

to  the  occurrence  of  metalliferous  veins.     Before  a  reliable  opinion  can  be  fonned  piorS^  for*  ** 

as  to  the  value  of  the  mineral  resources  of  this  territor}'  a  great  deal  of  wnrk  must  mineral  veins. 

he  done  and  a  considerable  sum  of  money  expended.     Such  veins  as  are  already 

known,  if  thought  worthy,  sli'mld  be  traced  and  uncovered  for  a  considerable  dis- 

tiooe  in  order  to  ascertain  their  regularity,  size  and  richness.     Such  deposits  as 

oecor  in  beds  must  be  tested  by  }>oring  or  by  sinking  pits.     This  has  not  been 

pOMible  in  such  preliminary  explorations  as  1  have  been  carr^'ing  out .     So  far  as  I 

^msble  to  judge  those  metals  and  metallic  ores  commonly  fnund  in  veins,  such  as 

copper,  lead,  silver  and  gold,  are  not  likely  to  be  as  abundant  as  we  could  wish  in 

*!»»  territory.     I  am  led  to  take  this  view  in  consequence  of  the  extreme  rarity  of 

'^gularand  well  defined  mineral  veins  of  any  kind  in  the  rjcks  where  exposed  to 

^'tew.     ]t  remains  to  be  proved  whether  they  are  larger  and  richer  in  the  softer 

'''^ks,  which  are  generally  concealer  I.     Large  trap  dykes  are  often  met  with,  some 

^J' which  traverse  the  countrj*  for  miles,  and  <:>ccasiunally  i^owerful  granitic  ami 

'Spathic  veins;  but  go<Kl  sized  metalliferous  veins  are  uncomm«  n.     I   have  no -pp^p  ^jyi^^s  and 

^bt,  however,  but  that  in  so  vast  a  territory  all  the  metals  I  have  mentis -ntd  will  u'ranitic  and 

«* found.     I  think  copper  and  g«»ld  are  perhaps  the  most  likely  to  occur  in  paying  '»^^*P*"»»*^  *«""'• 

<t<ttatities.     In  reference  to  those  minerals  which  usually  occur  in  beds  or  in  irregu- 

^QUBses  I  am  able  to  speak  more  ho]>efully.     Some  of  the  most  valuable  of  these 

^•potits,  sometimes  called  '*ttat  metals."  are  found  in  this  territ<»ry.  nnd  1  believe 

^  inexhaustible  quantity.       Among   these    1   attach    si»ecial    importince   to   the 

^posits  of  ir^m  .  re.  kaolin,  lignite  and  |>oat.    The  iron  ore?,  so  far  as  yet  discovered, 

^  chiefly  carbonate  of  iron  associated  with  lime'^tone,  and  probably  containing 

toioe  lime  ;  rich  brown  hematite  ore,  resulting  as  it  would  api>ear  fp>m  the  decom- 
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position  of  the  carbonate  ;  bog  iron  ores,  mac^etic  iron  ore  and  specular  iron  ore. 
Iron  ore,  kaolin.  The  three  lirst  exist,  doubtless,  in  very  large  quantities.  The  fourth  has  been 
and^pekP'*"™  found  in  i/aces  near  the  lieight  of  land,  probably  in  considerable  quantity.  The 
specular  ore  has  been  onl^  found  in  loose  or  float  pieces.  The  kaolin  is  situated  on 
the  Missinaibi  river,  a  branch  of  the  Moose,  a  little  below  Coal  brook.  The  clay  ii 
overlaid  by  a  be<l  of  beautiful  white  sand.  I  believe  that  both  the  kaolin  and  the 
sand,  the  one  suitable  for  the  manufacture  of  p*»rcolain  and  the  other  for  window 
glass,  are  there  in  large  (quantity.  The  deposits  of  gypsum  are  also  large.  Lignite 
has  been  found  on  the  Maltaganii  and  Missinaibi  bmnches  of  the  Moose  river,  and 
also  on  the  river  Abittibi.  It  exists  in  all  probability  in  immense  quantity  ;  but  it 
is  impossible  to  say  what  the  value  of  the  beds  may  be  till  they  are  tested  by  boring 
or  otherwise.  The  beds  of  peat  are  so  extensive  as  to  be  absolutely  inexhaontible. 
In  regard  to  the  value  of  peat  as  a  fuel  1  beg  to  refer  to  in}'  report  on  this  territory 
for  1880,  pp.  11  to  21  inclusive. 


71 


SECTION    II. 

)X    MIXES,   LOCATIONS    Ax\D    WORKS  VISITED    BY 

THE    COMMISSION'. 

»mbers  of  the  Oommission  were  not  able  to  come  together  until 
Lugust,  owing  chiefly  to  the  fact  that  the  secretary  was  occupied 
irhole  of  the  early  part  of  the  summer  in  the  work  of  the  Mineral 
Cincinnati.  It  therefore  was  necessary  for  the  Commission  to 
lly  over  the  province,  as  otherwise  it  would  not  have  been  pos- 
it the  mineral-producing  districts  which  stretch  from  the  Ottawa 
:e-of- the- Woods  before  the  close  of  the  season.  This  limitation 
le  it  necessary  to  restrict  the  examination  of  the  mines,  works 
t  properties  visited  to  little  more  than  cursory  glances  at  each, 
bad  the  effect  of  making  impossible  the  collection  of  a  full  typical 
dcimens  from  the  various  localities,  or  even  to  properly  label  and 
vhich  were  collected.  The  notes  of  this  Section,  therefore,  have 
to  fulness ;  they  are  intended  to  record  general  impressions  and 
B  of  places  visited  by  the  Commission,  and  every  allowance 
ade  for  their  shortcomings  as  a  description  of  the  mines  and 
:  the  province.  Taken  together  with  the  voluminous  evi- 
)ver,  they  will  suffice  to  show  the  great  apparent  possibilities  of 
resources  of  Ontario,  which  have  hardly  yet  reached  the  nascent  • 
^elopment. 

STATISTICS    OF   PRODUCTION 

ble  which  follows  gives  the  chief  mineral  productions  of  Ontario 
'  1888,  as  far  as  it  has  been  possible  to  obtain  the  figures.  A  statistic 
ducation  seems  to  be  needed  before  complete  returns  of  production 
d  for.  Time  and  care  are  required  in  the  making  up  of  a  correct 
f  the  operations  of  a  quarry  or  mine  for  a  whole  year,  as  well  as  a 
3f  the  location  of  every  business  on  the  part  of  the  collector  of 
;  and  even  after  the  best  system  has  been  adopted  diligent  effort 
*  a  time  to  procure  full  and  accurate  statistics  of  the  industry, 
will  not  do  without  some  urgency  even  what  he  knows  ought  to 
#his  matter  ;  for  as  a  rule  the  requirements  of  business  are  entitled 
1  receive  the  first  consideration  at  the  hands  of  managers,  and  there 
money  value  in  the  labor  of  preparing  returns  of  production  for 
b  use.  Every  witness  questioned  on  the  subject,  however,  includ- 
>itali8t,  mine  manager,  mining  engineer,  prospector  and  scientist, 
ce  in  favor  of  the  benefit  of  statistics  to  the  best  interests  of 
slopment,  and  almost  without  exception  they  expressed  a  preference 
I  under  which  the  returns  of  yearly  production  would  be  made- 
nnder  law. 
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MINERAL     PRODUCTION     OF    ONTARIO     IN     1888. 


Arsenic. 


Materials  used 
for  building 
and  omanicntal 
purpoees. 


Mineral. 


ArueniouH  Acid tonw. 

;  Cement bbls. 

I      ^^ 

Copiwr  Ore tb. 

Nickel  Ore It). 

Gold 

Gypsum terns. 

Iron  Ore ** 

'  Mica  (partly  uncut) " 

Petroleum,  crude bbls.  of  35  Imp.  gals. 

Phosphate  of  Lime tons. 

Salt *' 

Silver  Ore " 

Building  Materials,  including  building  stones, 
granite  and  marble,  brick,  drain  pipes,  tiles, 
pottery  and  lime,  estimated  value  about 


Quantity. 


35 

42,000 

2,860,760 

1,222,040 


Value. 


6,600 

16,000 

18 

600,000 

3,350 

56,632 

130 


$ 
1,500.00 

80,900.00 
I    286,076.00 

2,689.00 

13,200.00 

48,000.00 

30,000.00 

618,000.00 

44,060.00 

189,974.00 

226,410.00 


2,000,000.00 


3,490,799.00 


Some  4,000  tons  of  stamp  rock  was  produced  at  the  silver  mines  and  are 
on  hand.  It  has  not  been  treated  and  is  not  estimated,  but  the  retnnia  of 
2,550  tons  give  that  quantity  a  value  of  $170,000,  the  stamp  rock  mnniDg 
from  50  to  113  ounces  of  silver  to  the  ton.  In  the  two  years  1887  and  1888, 
$413,505  of  silver  was  shipped  from  Port  Arthur.  Correct  retums  under 
the  head  of  building  materials  were  very  difficult  to  obtain  in  the  time  at 
'  the  disposal  of  the  Commission,  and  the  same  may  be  said  of  the  exact  pro- 
duction of  petroleum.  From  the  statements  received,  however,  the  figures 
given  in  the  table  represent  very  closely  the  actual  amount  produced  in 
each  case.  Among  the  items  of  information  received  it  will  be  intereatiiig 
to  note  in  connection  with  building  stone  that  the  Grand  Trunk  railroad  used 
during  the  year  17,456  cubic  yards  in  the  works  of  their  Ontario  system, 
and  the  Canadian  Pacific  railroad  8,900  cubic  yards.  The  Sewer  and  Drain 
Pipe  company  of  Hamilton  produced  seventy-five  miles  of  drain  pipes,  yalued  at 
$200,000 ;  and  from  retums  received  it  appears  that  more  than  20,000,000 
bricks  were  manufactured  in  the  vicinity  of  Toronto  alone. 

ARSENIC. 

A  small  quantity  of  arsenious  acid  is  manufactured  from  refuse  miapickel 
at  the  Consolidated  gold  mine  in  Hastings  county,  and  it  is  reported  to  be  of 
the  finest  quality.     This  mine  will  be  alluded  to  later  on  under  Gk>ld. 


BUILDING   MATERIALS. 


Under  this  heading  comes  a  great  variety  of  substances  in  which  Ontario 
is  exceptionally  rich,  viz.,  ordinary  building  stones,  which  abound  throughout 
the  whole  province ;  cement  rock,  worked  in  several  places ;  clay  suitable 
for  brick  and  tile,  obtainable  almost  everywhere;  also  clays  from  which 
earthenware,   terra  cotta  and  sewer  pipe  are  manufactured,  and  which  are 


atbnnd&Dt  in  certain  loc&Uties.  Of  granites  and  mftrbles  there  is  an  unlimited 
snpplj,  bntthej  vary  in  diSerent  places  in  structore  and  color  and  in  freedom 
from  joints  and  cracks,  whicli  <Mnditiong  determine  their  suitability  for 
building  or  ornamental  purposas.  There  ia  also  a  so-culled  aotinolite  used 
for  making  a  roofing  cement,  which,  howerer,  ia  chiefly  a  mixture  of  dbrona 
serpentine  and  talc  A  report  on  all  the  building  materials  of  the  province 
vould  in  itKlf  fill  a  Urge  volume,  but  only  the  localities  visited  bv  the  Com- 
mission, or  about  which  evidence  has  been  given,  will  here  be  d<^alt  with. 

BBOWK    ASn    OBBT    BA\DaT01IES. 

Owing  to  the  large  recent  development  of    freestone  of  the   Medina 
formation,  which  assumes  a  dark  brown  color  in  the  vicinity  of  the  Porks  of  Parka  oitb* 
,-.     ,.  .  .  .,  .     d*Jlt- 

___- — _  the    Credit,   a    visit   was  paid  to   the 

locality  by  one  of  the  Commissioners. 
The    gap   through    which    (he   Credit 
river  and  the  Credit  Valley  railway  find 
their  way  from  the  table-land  of  Wel- 
lington across  the  county  of  Feel  shows 
a  the  same  formation  on  its  westerly  side 
as    is  observable  at  Milton  and  Lime- 
house.     Fig.  I  shows  an  average  section 
■^.  ®  as  represented  at  the    Forks    of    the 
\  Credit.      The  stone  quarried   here  is 
'^"jj:^rrA'i„    sandstone  of    the    Medina    formation 
~  ~-~-\     under  Niagara  limestone,    the   dip  of 

Fis.l-SMtkW'ilmnnDHitU^arkxKthcCndiC.*'''''''    '*     K^°*'y    *"     ''^^     SOUth-west 

«.  /,>«ii«u.  /.  artymmdtioiu.   3.  Brown  uwf- Throughout  a   certain  area,  of  which  ciunetvai  u> 

J'"£«tS^"'  "'™*^  *  '"«  ''""the  Forks  of  the  Credit  ia  said  to  be"™""" 
the  centre,  a  great  body  of  brown  sandstone  exists,  but  the  grey  band  ia  often 
mixed  with  the  brown,  aud  in  places  the  colors  are  blended.  It  is  a  most  excel- 
lent bnilding  and  ornamental  stone,  and  is  coming  extensively  into  use.  The 
chief  joints  in  the  formation  ran  a  little  north  of  east  and  south  of  west. 
^lej  occur  at  r^ular  diitancea,  but  some  are  about  twenty  feet  apart.  There 
•re  also  cross-joints,  not  general  or  uniform,  running  north  and  south. 
Nodules  of  clay  occur  between  the  faces  of  aome  layera  of  the  freestone 
Id  ft  peculiar  manner,  and  a  foot  of  blue  clay  underlies  the  bed.  Under  the  „  .  ^ 
bine  clay  is  a  deposit  of  red  clay  of  great  thickness,  being  visible  in  the  river 
banks  to  a  depth  of  175  feet,  and  it  is  doubtless  the  same  kind  of  clay  as 
-that  which  occurs  at  Milton,  which  is  there  used  in  the  manufacture  of  pressed 
brick. 

The  Chisholm  quarry  on  the  north  side  of  the  river  has  been  denuded  of  j|„  qu^rriM  M 
the  overlying  limestone,  and  the  layera  of  sandstone  are  covered  with  aand  to  ""  '"'^ 
the  depth  of  15  or  20  feet.  About  three  feet  of  the  upper  layer  consists  of  grey 
stone,  and  the  brown  is  in  varying  thicknesses  below  the  grey.  Where  there  is 
ft  deep  basin  and  the  layer  thickens  in  shape,  the  brown  stone  improves  in 
ODftlitj.  The  total  thickness  of  the  formation  varies  from  13  to  17 
feet.     Pick  and  wedge  and   plug  and  feather  are  both  used  to  get  the 
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Vert  island 
■andiitone. 


Little  Current. 


Kinifston  Kxan- 
ite  quarr}'. 


Canadian  Gran* 
ite  comMiny'ii 
worlu,  Ottawa. 


stone  broken  u])  into  suitable  blocks.  Two  other  quarries  are  operated  oo 
the  Chisholm  properties,  located  on  both  sides  of  the  railway  and  the  river. 
The  other  chief  quarries  at  the  forks  are  those  of  Messrs.  Patallo, 
Yorke  and  Elliott.  The  Patullo  quarries  are  two  in  number,  one  on  the 
south  side  of  the  stream,  below  the  forks,  overhanging  the  railway  track,  and 
the  other  on  the  north  side  of  the  west  branch  of  the  river.  The  quarries 
of  Lionel  Yorke  and  N.  M.  Elliott  are  both  on  the  south  side  of  the  main 
stream,  overhanging  the  railway.  Besides  these,  several  smaller  quarries 
have  been  opened  at  various  points  along  the  escarpment  towards  the  south. 
The  exU'nt  of  the  brown  freestone  will  be  limited  as  the  work  gets  under 
the  linestone,  covering,  which  overlies  it  hero  to  a  height  of  150  feet,  bot 
there  is  practically  an  unlimited  quantity  available,  although  much  sorting 
from  the  grey  is  necessary  in  places.  The  grey  stone  is  available  over  a  great 
extent  of  country  along  this  escarpment,  as  is  also  the  limestone  for 
rough  walls  and  for  the  manufacture  of  lime.  The  upper  limestone  is  stated 
to  make  a  better  quality  of  lime  than  the  lower. 

By  referring  to  the  evidence  it  will  be  seen  that  in  the  Port  Arthiu* 
district  valuable  building  stones  abound,  especially  red  sandstone  on  Vert 
island  in  Nipigon  bay. 

At  Little  Current,  on  Manitoulin  island,  the  Trenton  formation  of  the 
Lower  Silurian  is  visible.  A  bed  of  dolomite  of  six  feet  in  thickness  is 
quarried  at  the  village  and  makes  a  very  good  building  stone. 

GUANITE    AND    aRANITE    WORKS. 

The  granite  quarry  at  Kingston  produces  a  red  quartz  syenite  with 
occasional  large  crystals  of  pyroxene,  but  large  masses  of  the  granite  may  be 
got  free  from  the  crystal  blemishes.  In  the  joints  a  little  copper  pyrites  is 
now  and  then  found.  The  syenite  comes  up  from  beneath  the  Silurian 
limestone  which  ends  here  just  east  of  the  city,  and  there  is  an  inexhaustible 
(Quantity  of  material  to  work  upon.  Small  blocks  are  cut  up  and  sold  for 
pavement  for  $3.10  per  square  yard,  while  the  larger  blocks  are  sent  to 
Ottawa  to  be  cut  and  polished  at  the  works  of  the  Canadian  Granite 
company,  which  owns  the  quarry.  The  shipping  facilities  are  excellent,  as 
boats  may  l)e  loaded  at  a  deep  water  inlet  on  the  river  side  of  the  property. 

The  Commission  visited  the  works  of  the  Canadian  Granite  company  at 
Ottawa  for  the  sawing,  turning  and  polishing  of  granite  and  marble.  This 
company  controls  quarries  of  granite  at  Kingston  and  marble  at  Renfrew. 
It  is  also  experimenting  on  serpentines  which  come  from  the  township 
of  Templeton  on  the  Quebec  side  of  the  Ottawa  river,  some  of  which  are 
very  beautiful.  Serpentine  also  occurs  on  the  Ontario  side  of  the  Ottawa, 
but  at  points  too  far  distant  to  compete  in  price  with  the  Quebec  article.  The 
plant  of  the  works  consists  of  sawing  apparatus,  rubbing  beds,  turning 
lathes  and  polishing  jennies  run  by  an  engine  of  GO  horse>power.  Both  the 
granite  and  marble  take  an  extremely  handsome  polish  and  are  said  to  be 
exceptionally  durable.  The  granite  or  syenite  is  said  to  be  harder  than  the 
average,  and  to  cost  15  or  20  per  cent,  more  for  working  on  this  account. 


Id  the  Tillage  of  Madoc  a  b&nd  of  crystalline  limestone  of  the  Lauren- 
tiwi  series  has  been  opened  to  a  liratted  extent  for  the  production  of  a  dark  m^«  iu«ri.te 
colored  marble.  The  band  is  about  900  feet  across,  with  a  north  and  south 
coarse  where  opened,  lying  between  granile  on  the  east  side  and  limestone  on 
the  west,  beyond  which  latter  again  there  occurs  a  band  of  slate  or  argilla- 
ceona  shale.  It  is  nearly  vertical  in  position,  pitching  about  10°  to  the  west. 
The  marble  is  s  fair  quality,  crystalline  and  dark  colored,  polishing  almost 
blkok.  Checks  or  joints  occur  heie  and  there  near  the  surface,  but  are  said 
to  become  leas  frequent  as  the  band  is  sunk  upon.  The  quarry  was  nearly 
filled  with  water  at  the  time  of  the  Commissioner'  visit,  so  that  a  proper 
examination  of  it  could  not  be  made,  but  we  were  informed  that  a  depth 
ot  38  feet  bad  been  attained,  and  that  at  that  depth  the  open  floors 
were  six  to  eight  feet  apart  There  are  various  colored  bands,  chiefly  grey 
(which,  as  above  mentioned,  polish  almost  black),  grey  and  white  mixed,  and 
io  other  places  some  white  in  broader  bands  with  the  grey,  which  could 
be  sawn  out  This  marble  should  be  well  adapted  for  all  mourning  pur- 
poses, as  well  as  for  designs  where  a  dark  colored  material  is  required.  Its 
specific  gravity  is  3.782.  The  machinery  on  the  ground  consists  of  a  35-horBe- 
jmwer  portable  boiler,  two  steam  pumps,  an  Ingersoll  gadder,  a  diamond  drill, 
ft  channel  machine,  a  30-toti  derrick  and  necessary  tools.  Cutting  is  made  with 
the  drill,  snccessive  borings  on  the  same  line  making  a  clean  cut  of  any  sized 
block  that  may  be  required. 

The  Bridgewater  marble  quarry  is  in  the  township  of  Hungerford,  in 
Hasting;  county,  and  is  worked  by  the  company  owning  the  Madoc  quarry.  Brtdnvuci 
The  strike  of  the  band  is  north  and  south,  dipping  slightly  eastward  from  the  *""  * ''"'"' 
vertical     On  the  east  is  a  quartzose  rock  with  large  masses  of  quartz  and 
felspar  immediately  followed  by  a  closed  grained  pink  colored  syenite      On 
_^  the  west  side  is  a  highly  altered  shale 

^  — ~^      dipping  at  a  high  angle      The  latter 

vanes  in  places  from  a  gneissic  to  a 
chlontic  talcose  and  micaceous  schist, 
succeeded  by  gneiss.  This  band  of 
marble  is  some  500  feet  wide  and 
curves  around  from  north  and  south 
to  south  30  east  Where  an  open- 
ing has  been  made  it  is  observed  that 
the  joints  are  at  right-anglps  to  the 
strike  and  running  with  the  dip.  and 
•re  four  to  forty  or  fifty  feet  apart.  The  open  floors  are  two  feet  to  ten  and 
twelve  feet  apart.  The  seams  vary  from  six  inches  to  ten  or  twelve  feet 
^•rt,  the  average  being  about  two  feet  The  marble  has  a  pure  white  color, 
elcnded  bluish  and  greenish  in  places  and  with  bands  of  pinkish  or  salmon 
ntor  in  other  parta.  These  latter  bands  may  be  sawn  out,  being  twelve  to 
<<ghteeD  inches  wide.  The  marble  is  closely  crystalline,  but  compact,  and  is 
ihown  at  Bridgewater  to  stand  the  weather  well.  A  church  has  been  built 
(■f  it  at  tliftt  village,  u  well  as  portions  of  houses  and  stores,  and  they  have 
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stood  over  twenty  years  without  showing  any  signs  of  weathering.  It  is 
said  to  be  practically  identical  with  the  marble  at  Gouverneur,  in  the  state  of 
New  York.  The  company  expect  to  be  able  to  ship  large  blocks,  which 
pay  best.  The  finest  quality  sells  at  $2  and  the  poorest  at  50c.  per  cubic 
foot     The  specific  gravity  is  2.751. 

The  town  of  Renfrew  is  situated  over  a  very  wide  band  of  crystalline 

Renfrew  marble  limestone,  which  crops  out  at  different  points,  but  especially  upon  a  lot  in 
rear  of  the  Roman  Catholic  church.    This  latter  is  well  adapted  for  quarrying 
into  large  pieces  of  solid  and  massive  stone,   which  is  free  from  checks  and 
dries,  and  stands  working,  sawing  and  trimming  for  marble  purposes.     The 
property  is  operated  by  the  Canadian  Granite  company  of  Ottawa,  and  the 
product  is  shipped  to  that  city  for  manufacture.     The  marble  is  a  crystalline 
limestone  of  greyish  hue,  slightly  tinted  in  places  with  hornblendic  crystals, 
and  in  other  places  small  crystals  of  mica  are  visible.     It  is  taken   out  by 
block  and  feather,  and  costs  $2.25  per  cord  for  labor.     The  largest  blocks  are 
nine  feet  long  by  two  feet  square,  and  about  25  per  cent,  is  wasted  in  the 
quarrying.     It  stands  the  weather  better  than  any  stone  except  granite,  and 
some  granites   will  not  stand  as  well.     We  saw  one  building  which  had  been 
put  up  nearly  forty  years  ago.    No  action  from  the  weather  was  visible  except 
that  the  tint  had  become  slightly  darker  where  most  exposed,  and  this  change 
could  only  be  seen  upon  careful  observation. 

There  is  another  wide  band  of  crystalline  limestone  at  Arnprior  upon 

Amprior  marble  which  several  openings  have  been  made,  and  near  which  works  have  been 

quarry.  erected  for  cutting   and    polishing.      At  the  works  the  strata  dip  30"  to 

the  south-west,  and  the  strike  is  north-east  and  south-west.  This  band  is  of 
a  bluish  tint,  with  dark  blue  wavy  lines,  and  yields  marble  of  excellent 
appearance  and  quality.  The  plant  of  the  mill  consists  of  three  sawing 
gangs,  three  turning  and  two  polishing  lathes  and  a  rubbing  bed,  all  driven 
by  a  25-horse  power  engine.  The  marble  is  made  chiefly  into  monuments, 
but  is  also  manufactured  to  a  small  extent  into  table  tops  and  mantel-pieces, 
and  is  used  in  public  buildings  for  decoration. 

Half-way  down  Echo  lake,  on  the  north  side,  a  point  of  banded  marble 

Garden  River      runs  out.     It  is  composed  in  places  of  alternate  thin  ITands  of  pure  white 

and  Echo  Lake  x  r  r 

nMTbie.  and  colored  stone,  much  twisted.     The  colored  portions  being  harder  are 

weathered  out  more  prominently,  and  show  the  structure  very  plainly.  Sir 
William  Logan  describes  its  appearance  very  fully  in  his  report  on  this  dis- 
trict. As  a  rule  the  marble  is  tinted.  This  is  especially  the  case  behind 
Garden  River,  where  the  same  scries  of  marbles  are  again  tapped  ;  but  at 
Echo  lake  there  is  an  immense  quantity  of  the  banded  marble  with  pure 
white  streaks.  Where  again  accessible  in  the  bluff  about  two  miles  north  of 
Garden  River  village,  on  St.  Mary  river,  the  band  is  about  a  mile  wide.  The 
strike  is  about  east  and  west  and  the  dip  about  50^  north.  The  marble  is  quar- 
ried at  this  location  by  a  Chicago  company,  and  a  railroad  is  being  constructed 
into  it  from  the  river.  It  is  a  very  close-grained  and  hard  stone,  and  is  said  to 
take  an  excellent  polish.  The  colors  are  shades  of  green  and  pink  in  different 
parts  of  the  bed,  blending  by  very  soft  gradations  into  white.  It  is  quarried 
against  the  north  and  south  joints,  and  may  be  got  out  in  very  large  layers. 
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CEMENT    CLAT    AND    WORKS. 

The  mill  at  Thorold  which  maniifactuTes  the  weil-kDOwn  Thorold  cement 

was  not  visited ;  neither  were  the  works  at  Limehouse  in  the  county  of  Halton,  dement. 

on  the  line  of  the  Grand  Trunk  railway ;  nor  at  Keppel,  in  the  county  of  Grey. 

No  evidence  was  offered  respecting  any  of  these.     They  are  all  in  the  Niagara 

formation,  forming  one  of  its  lowest  beds.    Neither  was  evidence  forthcoming  in 

regard  to  the  cement  rock  in  the  Eurypterus  beds  which  crop  out  near  Cayuga, 

and  from  which  formation  most  of  the  celebrated  Buffalo  cement  is  manufac- 

tared.     The  Commission,  however,  visited  the  cement  quarry  at  Napanee  and 

the  mill&  in  connection  therewith,  the  property  of  the  Eathbun  company  of  Xapanw 

Deseronto.     The  rock  here  seems  to  belong  to  the  Trenton  formation,  and  is 

worked  as  an  open  quarry  very  cheaply.     Fig.  3  represents  a  section  of  the 

formation  and  quarry.     The  kilns  for  burning  the  rock  have  chambers  2G  feet 

by  8  feet,  each  having  a  capacity  of  90  barrels  per  day.     They  are  drawn  every 

eight  hours.     The  cement  mill  in  connection  with  the  quarry  has  a  capacity  of 

400  barrels  per  day,  which  may  be  enlarged  to  600  barrels.     It  has  now  three 

run  of  four-feet  mill  stones,  each  of  which  grinds  130  barrels  per  day.     The 

burnt  cement  is  brought  from  the  kilns  by  a  self-dumping  car  and  emptied  into 

an  inclined  plane  which  shakes  the  charge  gradually  into  a  cracker  or  coffee 

mill,  and  thence  it  runs  through  the  millstones.     After  being  ground  the  cement  cemeut  mill. 

is  bolted  through  a  screen  of  45-mesh  to  the  inch.     The  cement  is  said  to  be  slow 

or  medium  setting,  and  tests  of  strain  given  by  the  manager  are  as  follows  : 

24  hours,  25  to  30  tb  to  square  inch. 

7  days,  50  tb  to^uare  inch. 

30  dayff,  125  to  140  lb  to  square  inch. 

60  days,  180  to  220  lb  to  square  inch. 

CLAT  8,  BRICK  ASD    TERRA  COTTA. 

The  clays  obtained  by  the  Rathbun  company  at  Napanee  for  their  large 
works  at  Deseronto,  referred  to  in  Mr.   Rathbun's  evidence,  are  used  to  ^.  .,, 

,  «  JNapanee  mills 

make  terra  cotta,  red  and  white  brick  and  tiles.     It  is  also  claimed  that  a  <^^>»- 
species  of  fire  clay  is  obtained  from  the  same  deposits.     The  beds  lie  just 
below   the  cement  formation  on  the  flats,  and  alongside  the  railway,  and  are 
an  flJlavial  deposit.     The  formation  dips  very  slightly  to  the  north,  being 
^most  horizontal. 

The  Oommission  also  visited  the  large  new  porous  terra  cotta  and  brick 
^orks  of  the  Rathbun  company  at  Deseronto,  which  are  described  in  the  evi-  ^^^^  ^^^^^^ 
ence.     The  clay  is  mixed  with  sawdust,  the  latter  being  entirely  consumed  ^orks. 

the  burning.     The  process  is  veiy  satisfactory,  the  product  being  light,  yet 

^rong,  and  with  all  the  advantages  of  porosity.     It  is  made  into  various 

mms,  according  to  the  use  for  which  it  is  intended.     The  brick  for  lining 

inside  walls  of  buildings  is  about  8  inches  wide,  12  long  and  2  in  thick- 

and  is  deeply  grooved  on  one  side  so  as  to  form  a  series  of  upright 

"^rentilating  shafts  when  placed  in  the  wall.     It  would  appear  to  be  well  suited 

tfff  economy  in  the  heating  of  dwelling-houses,  churches  and  public  buildings, 

^s  well  as  for  purposes  of  sanitation,  and  the  superior  acoustic  properties  of 

pablic  halls  in  which  it  has  been  used  are  said  to  be  very  noticeable.     The 

brick  naed  for  deafening  and  fire-proofing  is  made  into  sets,  each  of  which 
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makes  a  complete  arch  between  the  beams  or  joists  of  a  floor,  and  is  getting 
in  demand  for  banks  and  public  buildings. 

Mr.  Hjnes  of  Toronto  makes  excellent  terra  cotta  ornaments  and 
building  material  from  a  clay  obtained  in  Peel  county,  about  which  hia 
evidence  gives  information. 

Near  Milton,  as  at  the  Forks  of  the  Credit,  a  thick  bed  of  red  day 
Jj~nJ^J*^^<*  underlies  the  freestone  at  the  base  of  the  escarpment.  Fig.  3  shows  it^ 
ootia  coni|«ny.   -^^^^  position  at  Milton.  The  works 

3^i  L5-T_  \      js     i,  ^^^  ^^®  manufacture  of  pressed 


brick  are  situated  on  a  switch, 
of  the   Credit  Valley  rail 


Fio.  3.— Section  of  formation  at  Milton  brickyard.  ji_»j         i        i_*v 

e.  Limeitoiie.    f.  Freeitone.    k.  Red  clay.  and  beside  a  bank  of   the  clsy , 

which  is  excavated  by  an  open  cut,  and  the  material  is  run  directly  into  the 
works  at  a  very  low  cost.     In  this  bed  there  are  occasional  layers  of  greenisli 
clay,  which  are  carefully  sorted  out  when  the  finest  quality  of  brick  or  terra 
cotta  is  required.     The  greenish  layers  are  not  numerous,  and  the  sorting  is 
not  attended  with  difficulty,  although  it  requires  careful  attention.     Fig.  4 

shows  a  section  of  the  excavation  close  to  the  mill.  The 
clay  is  very  hard  and  is  excavated  by  pick,  and  also  by 
the  use  of  dynamite.  In  the  latter  case  a  hole  is  bored 
with  an  auger  to  a  depth  of  three  or  four  feet  and  the 
charge  inserted.  The  clay  is  then  wheeled  in  barrows  to 
the  crusher,  a  dry  grinding  pan  with  a  capacity  of  40,000 
Fio.  4.—*.  Red  clay,  bricks  per  day.     After  being  crushed  it  is  elevated  and  run 

/.    Oretniith    layer    of  i         «  -,  /.  i  i  i  .     .  .  i 

clay.  m.  Dark  red  clay,  through  a  3-1 6th  mesh  screen  ;  thence  it  is  run  into  a  large 
sized  hopper   and    falls  into    a  pressing    machine.      The    press   in  use  is 
the  Victoria   dry   press    machine,  patented    by   Smith  Bros,  of   Gait,  aod 
manufactured    by    Goldie  &  McCuUoch    of    that  to^n.      Each    machine, 
of  which  there   are    two  in  operation  here,    has    four    moulds,    and    can 
turn   out   from    20,000   to   24,000   pressed   bricks  in  ten  hours.      As  the 
clay  is  pressed  dry  it  may  be  carried  to  the  kilns  at  once.     Four  kilns  ha?e 
been  erected,  each  20  x  32  feet  inside  and  12  feet  6  inches  high  from  the 
top  of  the  fire-places,  which  are  2  feet  6  inches  from  the  fioor.     Each  kiln  hat 
a  holding  capacity  of  120,000  bricks,  uses  from  three  to  four  tons  of  coal  per 
day  and  requires  eight  days  firing  to  finish  a  charge.     It  is  estimated  that 
70  per  cent,  of  the  product  will  make  marketable  brick  of  good  color  for 
housework,  the  balance  being  used  for  inside  walls  and  sewers.     The  inferior 
bricks  are  chiefly  from  the  lower  part  of  the  kiln,  and  though  harder  they  are 
not  so  evenly  colored  as  the  upper  layers.     A  few  bricks  are  vitrified  bj  the 
intense  heat.     The  brick  is  of  a  rich  dark  color,  and  is  very  hard  and  compact. 
The  bed  of  clay  underneath  the  mountain,  at  the  rear  of  Dr.  Springer's 
oiky-b«d  at        residence  in  Hamilton,  was  visited  by  the  Commission  in  December.     A 
surface  excavation  had  been  made,  but  being  partly  filled  with  water  it  oonld 
not  be  properly  examined.     There  appears,  however,  to  be  a  large  deposit  of 
clay  of  a  very  fine  grained  texture  and  of  brown  color.     A  burnt  speeimen 
shown  us  was  very  hard,  and  of  dark  red  color. 


BOOFINO    MATXBIAL8. 

Fibrous  serpentine,  called  "  actinolite,"  is  found  near  Brids^water,  in 

the  county  of  Hastings.     No  member  of  the  Commission  visited  the  places  ^^^^^ 

of  production,  but  the  process  of  manufacture  at  the  mill  in  Bridgewater 

was  witnessed.     This  consists  simply  in  breaking  the  rock  in  a  Blake  crusher 

and  then  grinding  the  crushed  material  in  Taylor's  disintegrator,  after  which 

it  is  bagged  and  shipped.     The  rock  is  similar  to  what  is  called  fibrous  talc 

in  New  York  state,  where  it  is  ground  for  a  like  purpose. 

A  fissile  shale  has  been  opened  upon  in  the  north-west  corner  of  lot  5, 
con.  6,  in  the  township   of  Madoc  ;  the  strike  is  nearly  60^  east  and  the  dip  ^  *^* 
80^  to  the  south.     It  is  a  very  strong  shale,  and  in  places  cleaves  nearly  as  thin 
as  ordinary  slate  ;  color,  grey.     It  has  been  opened  to  a  depth  of  35  or  40  feet. 

Dr.  Alexander  PattuUo — I  reside  in  Toronto,  but  am  interested  in  property  at 

the  Forks  of  the  Credit,  on  which  there  are  several  quarries.     The  property  is  just  S!lJ)l^'*'y 

alongside  the  mountain  and  near  the  railway.     The  stone  is  a  red  and  a  grey  free-  ^tone.  '^° 

stone.     We  supplied  a  good  deal  of  stone  in  Hamilton,  and  I  think  some  to  the 

l^ovemment  buildings  there.     During  the  last  eight  years  we  have  supplied  a  great 

deal  of  stone   to  people   in  the  city  of   Toronto,  and  it  has  been  used  in  many 

buildings   here,   amongst  others  in   MacMaster  Hall.      We  began   to  work  our 

quarries   in   1881,  and   we  are  now   supplying  some  of  the  stone  for  the   Par- 

lianient  buildings.     On  the  east  half  of  lot  7,  in  the  3rd  concession  of  Caledon, 

is  the  Elliot  quarry,  containing  both  grey  and  red  sandstone.     On  9  in  the  same 

concession  we  have  200  acres  containing  red  and  grey.     Mr.  Yorke  has  part  of  9  on 

the  same  concession,  on  the  east  side.     Mr.  Chisholm  has  10  and  11  in  the  4th. 

On  lot  12  there  is  excellent  grey  stone.     That  appears  to  bo  the  northern  limit  of 

the  freestone  re^on.     The  grey  and  red  occur  in  the  same  bed,  in  seams.     There  is 

no   difference  in  the  quality  of  the  stone  except  that  the  grey  has  no  coloring 

matter.     The  quantity  is  practically  without  limit,  but  there  is  a  limit   to   the 

profitable  developmenf,  as  in  other  parts  of  the  country  it  is  covered  by  an  enormous 

^epth  of  limestone.     The  entire  length  of  the  outcrops  following  the  sinuosities  of 

tke  mountain  is  about  8}  miles.     The  average  depth  of  the  quarry  is  about  17  feet. 

^here  are  three  persons  in  our  company,  and  I  suppose  we  have  about  920,000 

iiiVQsted.     We   liave  sometimes   had  as  many  as  00  or  70  men  on  our  pay  roll. 

^ages  of  quarrymen  range  fromJ^l.oO  to  ^2  a  day.     We  never  had  more  than  one 

tdam,  so  we  do  not  require  to  use  teamsters  at  all.     Our  laboring  men  get  from 

11.25  to  $1.45  a  day.     I  suppose  that  about  $25,000  worth  of  stone  from  our  quarries 

^  been  sold  this  year.     We  have  very  large  deposits  of  deep  red  clay  at  our  sand-  j^^  ^i^^  ^^  ^i,^ 

«tone  quarries,  at  the  Forks  of  the  Credit.     It  appears  to  be  very  pure  and  free  Forks  of  the 

from  lime;  it  crops  out  on  the  escarpment  and  could  be  easily  worked.     I  cannot  Credit. 

^U  you  the  depth  of  that  clay  exactly.    We  have  100  feet  of  the  Niagara  limestone, 

then  15  or  20  feet  of  water  lime,  and  below  that  layers  of  clay  and  sandstone  mixed, 

1  suppose  for  about  100  feet,  than  a  sort  of  yellow  clay,  then  the  freestone,  then 

«bout  a  foot  of  blue  clay,  and  then  we  come  to  the  red  clay  ;  it  extends  bO  feet 

i^bove  the  railway  and  continues  under  I  don't  know  how  far.     It  breaks  into 

cubes  about  half  au  inch  in  diameter  when  dried.     It  has  not  been  tested  by  burning. 

We  have  also  the  same  kind  of  clays  they  use  for  making  fire-proof  paints  at  Lime- 

lionse. 

Thotnas  Marks — At  Verte  island  there  is  a  quarry  that  has  been  worked  for 
^tee  years.  Large  shipments  have  been  made  to  Chicago,  and  it  is  considered  by  Verte  ialand  aud 
the  best  architects  to  be  the  finest  stone  in  the  market ;  it  is  better  than  the  best  SS^nS*"** 
hfown  stone  used  in  New  York.  Some  of  the  finest  buildings  in  Chicago  are 
erected  with  that  stone.  It  quarries  out  in  large  blocks  of  five  and  six  tons.  I  was 
told  in  Chicago  that  it  stands  as  great  pressure  as  granite,  or  even  more,  and  they 
^y  it  cannot  be  excelled  for  withstanding  frost  and  fire.  The  only  places  where  I 
We  seen  that  stone  are  on  Verte  island  and  Grange  island  ;  it  is  convenient  for 
^pping  to  all  the  great  cities  of  the  States  situated  on  the  lakes.  There  are 
UtOOO  acres  on  Grange  island  ;  on  Verte  island  the  quarrymen  have  gone  below  the 
*&teT  line,  and  there  appears  to  be  any  amount  of  it.  The  formation  extends  about 
100  to  160  feet  above  the  water,  and  seems  to  run  that  thickness  across  the  islands. 
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Marble 
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HastingB.  Kew 
York  and  Ver- 
mont marbles 
compared. 


W.  J.  Morris— There  is  a  line  potsdam  sandstone  fit  for  buildiiig  purpoBes  in 
the  township  of  Bastard,  county  of  Leeds,  which  in  some  places  is  colored  with 
yellow  ochre.  It  is  also  found  in  the  townshij)  of  Elmsley.  In  Miller,  Clarendoiu 
Barrie  and  Palmerston,  in  Frontenac,  there  is  marble  as  good  as  anything  in 
Vermont — i)ure  white,  dove  color  and  pink.  The  trouble  is  that  it  is  too  far  from 
a  railway,  about  17  miles.  Barrie  is  the  marble  township  of  Canada.  Sir  William 
Lijgan  showed  nio  specimens  he  got  there  which  he  said  were  equal  to  the  best 
Italian  statuary  marl)le.  The  country-  luis  never  been  properly  examined ;  the 
six  northern  townships  of  Frontenac  are  a  terra  incognita. 

A.  A.  Mrlhno'.ld — I  am   interested  in  fuur  <{uarries,  two  in  North  Haatines^ 
one  in  Hunj^erford  an<l  one  in  the  townshij)  of  Madoc.     We  obtain  from  all  the 
quarries  valuable  stone  for  build  ng  and  other  purposes.     The  <iuarry  in  the  town- 
ship of  Madoc  is  commonly  known  as  the  Victoria  or  McKinnon.     It  extends  over 
40  acres  and  contains  excellent  building  stone  from  3  to  14  inches  in  thickness, 
and  in  some  parts  of  the  quarry  in  layers  of  two  ftnt  in  thickness.     The  stoiie  is 
easy  to   take   out,  is  hai-d  and  firm,   and  partakes  somewhat  of  the  nature  of  a 
lithograpliic  stone  ;  purt  <»f  it  might  be  used  for  that  puipose.     The  property  is 
quite  convenient  to  the  North  Hhstin^s  niilway,  and  some  .'500  or  400  carloads  were 
shipped  this  year,  part  being  used  for  the  f(»undation  of  the   new  Parliamejit 
buildings  at  Toront<».     It  has  al8<i  been  used  in  many  of  the  principal  buildings  of 
that  city  and  has  given  satisfaction.     The  Hungerfonl  tjuarrj*  is  on  lot  10,  in  the 
9th   concession   and  ([uite  near  to  the  Orook^ton  station  <if  the  North  UastingB 
niilway.     The  quarry  was  oj>ened  last  summer.     The  stone  is  a  firm  and  fine  grained 
limestone,  and  occurs  in  layers  from  16  inclies  to  4  feet  in  thickness.     It  is  ireE 
adapted  for  heavy  buildings,  milway  bridges,  etc.     Messrs.  Maiming  and  McDonald^ 
the  contnictors.  are  getting  the  stone  from  this  <|uarry  for  the  bridges  acroM  the 
Don.     Our  object  in  getting  so  many  quarries  was  to  be  in  a  })osition  to  fill  any 
order.     There  are  at  present  about  40  men  employed,  and  it  is  the  intention  to 
double  that  number  if  the  demand  will  j  u.stify  it.     The  CrookBt><m  quarry  is  equipped 
with  machinery  for  the  loading  of  heavy  blocks  on  the  cars.     The  machinery  for  the 
other  quarries  will  be  in  position  in  a  short  time. 

E.  J.    JMt  it nty — M}'  residence  and  home  is  at  Gouvemeur,  in  the  state  of  ^ 
New  York.     I  am  acting  here  as  superintendent  of  the  Hungerford  Marble  com- 
pany's (juarries.     The  capital  of  tlie  company  is  ^100,000.     The  marble  at  Gou- 
verneur  is  very  similar  to  the  marble  here,  as  is  also  the  country  rock,  which  ii 
principally  granite,  gneiss  and  crystalline  limestone.     That  marble  sells  well,  in  fact 
the  demand  is  greater  tlian  the  supply.     The  St.   Lawrence  Marble  compsny  have 
to  run  night  and  day  to  fill  orders,  and  then  cannot  keep  up.     These  crymlin^ 
marbles  will  stand  the  weather  better  than  the  metamorphic  marbles  of  Vennontf 
and  generally  they  work  as  easily.     The  quarries  at  Rutland,  Vt,  have  dark  stodw 
and  they  always  have  orders  in  excess  of  their  output,  the  dark  being  in  great 
demand  for  outside  work.     The  St.  Lawrence  company's  marbles  stand  the  weather 
better,  polish  as  well  and  look  as  well.     The  Gouvemeur  quarries  produce  a  U"^ 
stock  that  cannot  be  produced  in  the  Rutland.     There  are  a  great  many  buids  of 
that  kind  of  marble  here,  and  speaking  generally  all  through  the  countiy  there  i* 
any  (quantity  of  marble  ;  all  that  is  required  is  to  go  down  far  enough  to  where  it>^ 
sound.     Under  similar  circumstances  on  the  other  side  of  the  line  marUe  o^ 
satisfactory  character  is  produced,  and  I  am  satisfied  that  as  good  can  be  found  ber^** 
and  that  there  is  an  enormous  quantity  of  it ;  in  fact  I  think  there  is  no  limit  to 
the  quantity.     Very  little  of  the  Rutland  marbles  is  used  for  outside  work  o*' 
buildings  :  it  is  not  good  for  that  purpose.     The  marbles  here  are  good  for  either 
inside  or  outside  work.     Almost  all  colors  are  found,  white,  salmon,  grey,  WacV-r 
mottled,  drab,  with  IJack  veins,  with  white  veins,   verde-antique  and  dove  blu^- 


granite,  and  will  stjind  fire  better  than  any  other  stone.     The  old  Fowler  manaio'^' 


at  Gouvemeur,  was  built  over  50  years  aj^o  out  of  just  such  stone  ;  in  1874  it 
burned  down,  and  in  1875  some  of  the  stone  was  taken  to  build  an  hotel.  Tl** 
only  effect  the  fire  luul  upon  the  stone  was  where  it  had  gone  out  through  tl»^ 
windows  ;  there  it  crumbled  the  comers  a  little.  In  the  academy  at  Oouverneil'^ 
tliere  is  a  slab  that  huB  been  up  since  1839,  and  it  is  as  clean  as  when  new.  I  ha€^ 
a  marble  shop  burned  down;  the  Italian  marble  all  broke  into  little  piecea,  th^ 
granite  also  cracked  to  pieces,  while  the  comers  of  the  crystalline  limestone 
just  crumbled.     There  is  no  doubt  that  it  makes  the  l>est  building  stone.     Whereve 
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m  irble  takes  a  turn  or  bend  it  is  never  sound,  but  where  it  straightens  out  again  it 
is  leooil.     I  think  the  black  marble  here  will  turn  out  to  be  g<xKl,  it  is  only  a 
question  of  depth  ;  in  the   Rutland  (|uarries  they  did   not  get  any  than  was  good 
till  tlitfy  got  to  a  depth  of  100  feet.     Good  black  marble  is  sciirce,  and  if  it  is  first  Black  marble 
class  it  is  worth  as  much  as  statuary  ;  but  as  a  general  thing  we  cannot  rely  upon 
getting  any  quantity  of  it  without  being  clouded.     The  demand  is  limited  ;  the 
present  price  of  a  good  fair  article  is  $6  or  $7  a  foot  sawed.      The  company  has 
opened  up  two  properties  or  quarries,  one  of  them  in  the  village  of  Madoc  and  the 
other  about  a  mile  and  a  half  south  of  Bridgewater,  on  the  Scootamatta  river.    The 
Madoc  quarry  was  opened  in  the  latt<sr  part  of  August,  1887.     The  band  is  about 
900  feet  wide  from  east  to  west ;  it  curvts,  and  I  have  traced  it  as  far  as  Hog  lake, 
a  distance  of  about  two  miles  from  north  to  south.     The  lower  wall  on  the  east  is 
granite  :  it  dips  about  10  degrees  to  the  west.     The  upper  wall  is  a  mixture  of 
granite  and  lime  rock,  but  not  what  can  be  called  a  conglomenite.     The  dip  is  10 
agrees  to  the  west.     Beyond  to  the  west  is  a  slate  which  in  some  places  is  tipped 
up  3*3  or  40  degrees  ;  in  other  places  it  is  »  early  horizontal.     It  would  be  good  for 
rooting,  but  that  it  splits  a  little  too  thick.     At  present  we  have  sunk  on  the  Madoc 
property  to  the' depth  of  38  feet,  but  it  is  our  intention  to  drill  down  3CX)  feet  in 
order  t  •  get  marble  that  will  do  for  ])oli8hing.     The  marble  is  wiry  good,  the  color 
a  grey  black.     Its  hardness  is  greater  than  that  oi  the  Yennont  white  marble,  and 
about  K[ual  to  the  Italian  marble.     We  find  that  the  (quality  gets  a  gorKl  deal  better 
as  we  go  down.     We  have  not  as  yet  taken  out  any  merchantable  marble  fnmi  that 
quarry,  though  we  have  taken  out  blocks  part  of  which  would  be  merchantable.''- 
At   the   quarry   we  have  a  3')-ton  derrick,  a  diamond  drill,  a  channelling  ni'ichine,  Machinery  and  . 
an  Ingersoll  gadder,  a  8ft-hor8e  power  boiler,  tw«»  steam  pumps,   and  all  the  tools  ^■ife*- 
required  ;  w«  have  a  full  set  of  quarrj'ing  machinery.     To  run  our  machinery  would 
take  from  eight  to  ten  men,  including  one  machine  runner  and  two  foremen  ;  the 
rest  would  be  quarry meii.     The  average  wages  here  is  82. 7o  for  machine  runner  and 
$}.'26  for  quarrymen  per  day  of  ten  hours  :  the  wages  are  about  the  same  a**  in  New 
York  state.  Besides  the  Madoc  quarrj'  this  comj)any  is  working  a  white  marble  quarry 
near  Bridgewater.     The  location  there  is  alxmt  40  acres  in  extent.     The  band  is  Hri<iKewat<fr 
about  500  feet  wide,  and  the  course  is  about  north  west  and  south-e  st.     I  have  «j"arr.v. 
seen  where  it  crops  out  a  couple  of  miles  above  Kridgewater,   but  not  below.     It 
crops  out  at  the  surface,  wheie  work  has  been  carried  on.     There  are  ^eve^alJBmall 
lidifes,  each  of  which  shows  white  marble.     Tlie  lower  wall  is  granite  ;  the  upper 
wall  is  gneiss,  and  is  very  clearly  defined.      The  marble  is  white,  but  has  some 
doudings  of  blue  and  green .    The  pitch  is  about  ten  degrees  from  the  perpendicular 
to  the  west.     There  are  two  thin  layers  of  salmon  colored  stime,  one  alxtut  10  inches 
and  the  other  18  inches.     At  the  village  of  Bridge  water  there  is  similar  marble,  and 
it  was  quarried  twenty-five  years  ago  to  build  a  church  and  some  private  buildings. 
We  worked  our  quarry  there  this  summer,  removed  most  of  the  surface  ma  erial, 
vnd    got    down   about   12  or    14  feet  ;  the  work  was  all  done  by  hand.       The 
qoality  of  the  marble  is  very  good  and  impr  ivea  as  we  go  down.     A  large  amtmnt 
^  the  surface  st<.»ne  taken  out  would  cmly  answer  for  building,  but  good  merchant- 
tble  marble   is  now   exposed.     We   employed   ten   men  there  till  nlxiut  the  1st 
of  August.     We  intend  to  test  the  property  with  a  diamond  drill.     There  is  no  pro- 
perty th  it  I  know  of  that  cnuld  be  so  cheaply  (|uarried  as  this  (me.     It  could  be 
Worked  a  good  deal  cheaper  tlian  the  Madt>c  qnarr}'.     The  marble  would  be  suitable 
Wnumumental  work;  the  low  grade  would  make  good  trinimiiiL's  for  buildings. 
!        iodthe  higher  for  monumental  and  interior  purposes.     The  price  at  the  mill  would 
I        ^$*i  a  cubic  foot  for  the  better,  and  down  to  50  cents  a  foot  for  the  pooler  quali- 
^-    The  shipping  facilities  are  not  (r^Hu\  ;  we  can   only  ship  by  hauling  a  distance 
<>f  three  and  a  half  miles  U*  Tweed.     In  a  dirt  ct  line  we  are  a  miL^  and  a  lalf  from 


*The  following  report  on  a  Hample  of  marble  from  th*'  Madcxj  <iuarry  h"»H  Ix'^^n  made  by 
Jdwiid  J.  Chapman.  Profei«8')r  of  Mineralogy  at  Toronto  Univen»ity :  ''ThiH  marble  is  a 
<wgrey  limeHtone  of  uuiforra  crystalline  texture,  and  as  a  rule  of  f^iKwl  ntrength.  Itn 
^biorptioo  is  very  low,  averacring  only  0.17  i>er  cent.  Tlie  stone  ik  thus  well  fitted  to  witb8tand 
^ ietion  of  f rost,  and  to  reHiflt  the  disintegrating  effectn  of  atmoAphenc  actirm  generally. 
Iti  ipecific  gravity  eoaala  2.744.  A  cubic  fwtt  thus  averagers  171  lbs.  in  weight.  As  regardH 
coQjpotition,  Uie  marble  contiistB  essentially  of  calcium  carbamate  (commonly  called  carlxmate 
^  mt)  holding  a  little  magne<iia,  with  traces  only  «>f  ferru^nouH  matter,  and  under  2  per 
MBt  of  intermixed  silicates.  The  practical  absence  <>f  irrjn  euKureA  the  utone  against  chan^ 
*f  ttlor  on  exposue  to  the  weather  ;  and  as  the  amount  of  intermixed  Bilicious  matter  is 
ttoiedinglj  low,  the  polished  surface  is  not  likely  to  Vjecome  pitted  or  (jtherwine  iinpaired. 
The  itooe  therefore  from  this  quarry,  judged  by  the  sample  submitted  to  me  for  examination, 
ii  •  ditk  crystalline  marble  of  very  good  quality. " 

6  (M.  C.) 
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the  railway.  We  were  talking  of  putting  up  a  marble  mill  and  running  it  by  water 
]K>wer,  and  we  could  get  a  head  of  water  of  8  feet,  but  that  has  not  been  decided  on 
as  yet.  The  company  lias  lx»ught  50  acres  from  the  Canada  company,  and  10 
acres  from  Mr.  Clapp,  a  mile  and  a  half  east  of  Bridge  water,  on  which  there  is  a 
blue  imirble  similar  to  that  of  Rutland.  There  is  a  go(*il  band  of  it  from  60  to  100 
feet  wide  ;  it  is  distinct  from  the  other.  On  the  Canada  company  lot  there  is  a 
Herptntine  larjxe  band  of  Ker])ciitine  marble.     I  have  examined  it  once,  but  have  not  done  any- 

**'*''••  thing  to  it.     In  serpentine,  as  a  rule,  there  is  a  great  deal  of  unBoundness,  but  this 

is  fair  ;  there  is  some  white  in  it,  and  that  makes  it  sounder.  There  are  very  few 
seriK.fntine  k'iuds  that  1  have  seen  as  s<:)und  as  this  one.  I  do  not  know  the  width 
of  the  band,  but  judging  from  the  outcroppings  I  think  it  is  from  300  to  GOO  feet 
wide. 

J.  E.  JLinUun — The  white  marble  at  Bridge  water  is  exceeding  close-grained, 
The  Bridirewater  rendering  it  very  suitable  for  fine  work,  bearing  shaq)  ed^es  and  undercutting, 
narble.  For  building  piiq>os("^  it  has  few  ctjuals  amongst  the  various  kinds  of  stone  now 

used,  being  ca]>able  of  sustaining  any  pressure  required  for  masonry,  and  being  non- 
absorbent  it  is  free  from  discoloration  when  exi>osed  to  the  weather.  This  point 
of  excellence  is  proved  in  the  walls  of  buildings,  erected  from  thirty  to  thirty-five 
years  ago,  which  show  no  sign  of  becomi'  g  weathered.  It  has  been  used  for  over 
Its  uM  in  the  thirty  yeai*s  for  making  lime,  and  the  lime  business  alone  could  be  made  veiy  largv 
manafactnre  of  ^nd  profitable,  as  has  iK^en  proved  by  the  experience  of  those  engaged  in  it  here- 
tofore, notably  that  of  the  DudswoU  Marble  and  Lime  Co.  of  Sherbrooke,  in  the 
province  of  Quebec.  This  tlrm  ship,  besides  marble  stone,  an  immense  quantity  of 
lime  throughout  the  province  (»f  Quebec  and  New  England,  repoited  by  them  to 
have  been  alx>ut  120  cur  loads  pur  month  for  1887.  This  Hme,  used  for  plastering, 
with  clean  sharp  sand,  is  glossit- r,  harder  and  whiter  than  a  finish  made  of  the 
best  plaster  of  Paris. 

A.  R.  McDomdd — I  live  at  Aniprior,  and  am  a  member  of  the  firm  of  B. 
Arnprior  m*rbl6  McDonald  &  Son.  I  am  engiiged  in  the  marble  manufacturing  and  producing  bosi- 
quuTiM  and  ness.  One  of  our  (quarries  is  at  the  corner  of  Russell  and  Elgin  streets  in  this  town; 
works.  ^j^^j  other  is  about  a  mile  and  a  (luarter  distant,  in  an  easterly  direction,  on  a  cove 

of  the  Ottawa  river.  The  marble  from  that  t|uarry  is  known  as  Ottawa  Valley 
marble,  while  the  other  is  known  as  Aniprior  marble.  We  have  another  qoany 
here  at  the  mill,  but  it  is  the  same  as  the  Arnprior.  We  have  three  sawing  gauge, 
five  lathes,  three  turning  lathes,  two  polishing  lathes,  a  rubbing  bed,  and  a  25  h.p. 
boiler  and  engine.  1  do  not  know  the  total  value  of  the  plant.  This  mill  was  for- 
merly on  the  south  side  of  the  Madawaska,  and  was  owned  by  Farquhanon, 
McLaughlin  &  Hartney  ;  they  mn  it  for  about  four  years.  We  acquired  the  pro- 
perty in  the  fall  of  1878  and  have  been  running  it  since.  I  cannot  tell  you  whet 
our  output  is.  Our  market  is  altogether  in  Ontario.  It  is  used  for  monumental 
purposes,  and  to  a  small  extent  for  ornamental  purposes  such  as  table  tops  and 
mantel  pieces.  It  has  been  used  for  a  number  of  public  buildings,  among  othen 
in  the  House  of  Coiinnons  at  Ottawa.  (  suppose  we  make  about  84,000  or  9^,000 
ChanM^-tcr  of  the  worth  of  iiionuiiieutal  marble  a  year.  The  A rn]>rior  marble  has  a  dark  blue  groimd 
marble.  with  wavy   veins  ;  the  Ottjiwa  Valley  marble  has  a  grey  ground  with  dark  wavy 

veins.  I  do  n<it  know  any  other  marble  that  will  take  a^«  good  a  polish; 
it  cannot  be  "Stained  ;  it  will  not  absorb  moisture  at  all,  and  it  stands  exposure  welL 
We  have  not  been  working  this  year,  one  reason  being  on  account  of  the  state  of 
the  market.  When  we  are  working  we  employ  from  15  to  25  men.  The  engineer 
gets  $1 .50  a  day,  quarrymen  $1.25,  polishers  31-25  U)  $1.50,  stone  cutters  9\.'2b  to 
$2.50,  and  other  men  :$1.20  to  12^1.25.  One  of  tlie  reasons  that  we  find  itdifficultto 
compete  with  the  American  marble  is  that  our  stock  is  very  bard  and  diflicult  to 
American  com-  g^t  out,  and  then  it  does  not  come  out  in  the  right  shape.  American  ifiountain  blae 
^     ^°'  is  a  cheap  marble.     Southern  Falls  is  a  good  marble;  it  is  light  in  color,  and  I 

think  is  as  good  as  this  ;  besides,  it  can  be  worked  cheaper  than  ours.  The  Ottawa 
G<7inite  Co.  get  marble  at  Renfrew,  but  they  don't  sell  much  of  it  as  monumental 
marble ;  it  is  mostly  the  Americjin  that  is  sold  for  that  purpose.  The  duty  on 
marble  is  35  per  cent,  sawed  on  four  sides,  25  per  cent,  on  two  sides,  and  in  the 
rough  15  percent.  I  am  informed  that  the  Americans  sell  marble  here  at  $2.00 
and  $2.50,  while  they  sell  at  $8.50  in  their  own  country.  They  make  a  slaughter 
market  of  ours,  and  it  is  mostly  inferior  marble  they  sell  here.  That  is  the  reason 
Extent  of  the  we  arc  not  runniug  now.  The  marble  dips  about  30  degrees,  and  runs  north-east 
marble  bands,  and  south-west.  About  a  mile  and  a  half  from  here  we  have  a  marble  very  like  the 
Gouvemeur  marble  ;  it  is  light  grey  with  light  brown  streaks  and  ^xttmda  about 
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ive  miles  to  the  south  and  three  miles  to  the  west.  There  is  no  granite  in  this 
mrt  of  the  country  ;  it  is  all  marble.  North-west  it  extends  about  twenty  miles, 
bnd  east  of  here  about  12  or  15  mOes.  In  different  places  it  varies  in  color  and 
texture. 

IV,  H.  Wi^ie — On  the  lot  adjoining  my  iron  pyrites  property  in  Darling,  ser- 
pentine shows  out  of  the  face  of  the  hill  in  a  large  mass.      1   don't  know  the  width  Serpentine  and 
>f  it ;  the  main  outcrop  is  at  least  12  feet.       White  marble  occurs  in  the  same  ™»>f*>J«  ^^  !>•'• 
locality,  on  the  lot  adjoining  the  iron  pyrites  ;  it  shows  upon  the  face  of  the  hill.    ^' 
rhere  are  several  parallel  ledges,  and  one  from  which  I  took  a  specimen  showed 
ftbout  50  feet  long,  but  I  cannot  say  what  the  width  was.     1  have  not  sent  specimens 
tx>  any  dealers.     It  is  a  long  way  from  a  railway,  perhaps  ten  or  more  miles. ' 

J.  B,   Campbell — There  is  a  great  deal  of   very   good   marble   through  the 
Haliburton  country,  of  the  ordinary  white  crystalline    variety.      It  is  both  in  Marble  in  Hall- 
Snuwdon  and  Glamorgan,  and  some  varie«^ted  has  been  obtained  from  17  in  the  burton. 
Ist  Concession  of  the  latter  township.      Some  has  been  polished  tljat  came  from 
Galway,  and  some  taken  from  lot  32  in  the  5th  of  Snowdon  has  been  used  for 
monumental  purposes. 

Moses  Stiow — My  home  is  at  Bangor,   IVLiino.      I  am  superintendent  of  the 
Warmington  Stone  and    Marble  company  of  Chicago.      The  stock  of  the  com- 

ry  is  9100,000.     The  marble  properties  of  the  company  in  <Jntario  are  near  the 
Mary  river.     There  are  two  locations  on  Echo  lake,  but   I  do  not  know  their 
namber ;  they  formed  part  of  the  Indian  reserve.     Besides  the  locations  on  the 
lake   we  have  another  near  Garden  river;  all  three  were  on  the  reserve.     The  The  Garden 
nearest  point  is  two  miles  from  the  river  St.  Mary.     The  property  consists  of  a  R»ver  marble 
mountain  the  base  of  which  is  about  5,0u0  feet  through,  GOO  feet  high,  and  7,(K)0  or  *i***"y 
-8,000  feet  long.     Our  three  locations  are  about  5tK)  acres  altogether.     We  began 
operations  here  about  six  weeks  ago.     During  that  time  we  have  been  engaged 
building  a  boarding  house,  blacksmith  shop,   a  stable  and  a  railway.     At  present 
we  employ  twenty-three  men  ;  we  have  not  done  any  (juarrying  yet  beyond  taking 
out  a  few  samples.     Our  market  will  be  in  Chicago  ;  we  will  ship  as  building  stone, 
the  duty  on  manufactured  stone  being  55  cents  a  cubic  foot.     In  the  spring  we  will 
mit  in  five  crews  of  26  men  each,  and  will  open  the  quarry  here.     We  will  dredge 
fioho  river  to  get  at  the  Echo  Lake  quarry  ;  it  is  all  the  same  band.     I  think  in 
the  land  we  have  taken  up  we  control  all  the  valuable  marble  there  is  in  this  band. 
I  consider  the  marble  of  a  very  tine  quality,  the  best  1  have  ever  seen  and  I  have 
been  in  the  marble  business  fr)r  over  twenty  yeai-s.     We  will  work  it  as  variegated  ; 
we  do  not  expect  to  get  any  pure  white  marble  :  it  is  for  building  purposes  we  intend 
to  use  it.     The  sizes  we  quarry  are  2  feet  by  4,  2  by  6  and  by  8.     The  marble  is 
very  free  from  cleavages,  and  there  is  any  amount  of  it. 

AlexfjimUr  McLean — I  live  in  Ottawa  and  am  president  of  the  Canadian  Granite 
Cd.,  which  was  organised  about  three  yeai-s  a»j[o  with  a  capital  of  ^SO.OOl"*,  all  paid  canadianOranito 
up.    We   have  works   in  Ottawa  for   manufacturing  granite  and    marble  for  the  company, 
wholesale  and  retail  trade.     Our  plant  conKist^^  of  sawing  apparatus,  rubbing  beds 
ud turning  lathes  ;  we  have  also  polishing  jennies  and  machinery  of  that  description 
wch  a*  is  necessary  for  the  purjwse  of  working  marble  and  granite.     We  employ 
sbout  45  men.  .  we  own  a  granite  quarry  at  Kingston,  acquired  in  1884,  being 
•bout  18  acres.     It  was  opened  some  three  years  ago,  seven  or  eight  months  after 
^  was  acquired.     The  shipping  facilities  are  very  g(iod  indeed  ;  we  ship  on  the 
Rideau  canal  to  our  works  here,  which  are  on  the  canal  wharf.     The  color  of  the 
P*nite  is  a  dark  red,  varied  l)y  dark  and  black  spots  •  it  is  an  eruptive  granite  and  is 
very  hard.     There  are  some  particles  of  mica  in  it  :  some  call  it  a  syenite.     The 
'^caisin  very  small  particles.     All  the  granite  down  the  St.  Lawrence  is  dark  red, 
^^  that  on  the  American  side  is  very  much  darker  than  cmrs.     There  are  a  great. 
^^y  natural  seams,  and  that  is  the  difficulty  ;  perhaps  if  we  get  down  to  a  con- 
fwerable  depth   that  may  improve,  but  we  cannot  say  as  yet  that  there  is  any 
*®provement.     We  have  got  out  some  very  large  blocks,  but  the  waste  is  very 
considerable.     This  granite  takes  a  beautiful  polish,  better  than  any  1  ever  saw.     It 
1*  Worth  from  15  to  20  per  cent,  more  than  the  ordinary'  granite  to  cut.     It  is  used 
ror  ornamental  purposes,  columns  for  buildings,  etc.     There  is  a  good  demand  for 
^^^  product,  but  the  price  owing  to  Scotch  and  New  Brunswick  competition  is  very 
low.    In  tjhe  old  country  they  have  a  good  deal  of  suq>lus  stock,  and  i:he  shipping 
^wlities  are  entirely  in  their  favor.     They  can  ship  Aberdeen  granite  in  any 
<liumtit?  they  require  from  Glasgow,  even  single  orders  to  gravestone  men.     They 
<3U  deliver  to  western  Ontario  men  fr)r  about  the  same  freight  as  we  can  here, 
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althotigh  we  have  vur^'  ginxl  shipping  f.icilitie8  ivs  far  as  distribution  is  concerned. 
I  cannot  teW  you  the  number  of  tons  wo  have  brought  down  from  Kingston.     We 
have  ])rought  a  g<MMi  many  luirges  full,  Konie  for  ornamental  and  monumental  stock, 
some  for  paving  blocks,  and   some   for  gniiiolitliio   pavement.     The   Granolithic 
company  is  nriinly  made  up  of  th^'  Kliarch  >lders  of  our  company.      We  have  about 
150,000  paving  blocks  on  hand,  worth  about  ^80  a  thousand.     We  have  sold  some 
of  these  granite  blocks  in  Montreal,  and  some  in  Ottawa  ;  the  demand  for  them  is 
increasing.     The  polished  granite  u  sold  tliroughout  the  country.     What  we  sell 
around  here  pays  us  better  than  wliat  wo  ship,  as  we  get  the  retail  price.     W^e  have 
sent  a  little  to  Chicago.     Very  little  of  the  American  granite  comes  into  competition 
with  us.    At  the  r]uarry  we  are  about  shut  down  at  present.    At  the  mill  the  number 
of  men  employed  is  45.    During  the  summer  we  have  25  or  30  men  at  the  quarry,  but 
in  the  winter  we  only  keep  3  or  4.     Wo  have  a  marble  (luarry  at  Renfrew  and  one  in 
the  towuship  of  Templeton,Quebcc.   We  have  leased  the  Renfrew  propertv  and  we  set 
fr«»m  it  what  is  commonly  known  as  the  Ilenfrew  marble  ;  it  ^sa  crystalline  marUe. 
We  leased  that  about  three  years  ago.     Since  we  have  had  it  we  have  taken  con- 
siderable out.     We  do  not  work  it  steadily  ;  we  just  take  out  the  quantity  that  we 
reijuire.     W^e  use  it  for  monumental  material,  slabs,  copings,   window  sdls,  trim- 
mings, and  for  such  i>urposo».     It  is  an  excellent  st<me  and  takes  a  good  polish.   It 
is  a  degree  harder  tlian  the  ordinary  limestone,  and  is  not  as  liable  to  stain  as  the 
ordinary  white  marble.     The  other  property  we  are  working  is  a  serpentine  ;  it  ift 
in  the  province  of  Q  ebec.     There  is  serpentine  in  this  province,  but  I  don't  know 
of  »tny  that  is  being  worked.      In  thi^<  province  the  quality  is  v«-ry  fine,  finer  than 
anything  1  have  seen  ;  but  the  difiiculty  is  to  get  the  sizes,  as  it  iM  all  broken  up. 
The  Templeton  <]uarry  is  about  18  miles  from  here,  and  the  cost  of  bringing  the 
marble  from  it  is  ab  >ut  the  same  as  bringing  the  stone  from  Kingston.     There  ui» 
serpentine  in  Ontario  as  near  to  us  as  that.     There  is  fine  serpentine  between  here 
and  Chat's  rapids  and  in  other  places,  but  there  has  been  no  development  done. 

ir.  S.  Oibb(/n — In  the  town  of  Little  Current,  towards  the  western  part,  there 
is  a  large  ({uantity  of  dolomite.  Hack  of  my  house  there  is  a  quarry  of  it  It  i» 
used  for  building,  and  also  for  making  lime  of  a  very  fine  and  strong  quality, 
which  sots  like  cement.  This  stone  is  particularly  well  adapted  for  building 
purposes,  and  the  supply  is  unlimited. 

iS>.  J.  Dawson — At  Manitoulin  island  and  St.  Joseph's  island  1  uudersUnd 
there  are  magnificent  deposits  of  limest<me. 

K.  W.  Haihhun     At  Napance  Mills  we   own  a  quarry  in  connection  with  our 
cement  mills.     As  far  as  we  have  worked  yet  we  find  that  there  are  fk\e  or  nx 
layers  «>f  g<M)d  cement  stone,  the  aggreu^ate  thickness  of  which  would  be  about  four 
feet,   the  Inyers  being  separated  JFrom  one  another  by  layers  of  limestone.    The 
cement  stone  commences  perhaps  alxmt  two  feet  from  the  surface.     We  commenced 
work  there  about  ten  vears  ago.     In  connection  with  the  cement  works  we  employ 
al)out  30  men,  as  regnhited  by  the  demand.     Some  parts  of  the  work  are  going  (in 
constantly,  such  ;is  the  taking  out  of  the  rock,  burning  or  griuding.     The  rock  ii 
broken  t^)  a  uniform  size,  and  then  put  into  the  kiln  and  burned  ;  it  next  \aM» 
Ihrouirh  the  crushers  and  grinders,  and  finally  through  screens  of  a  certain  meih, 
when  it  is  tit  for  the  market.     Our  output  last  year  was  about  9,000  barrels,  valued 
at  as  many  dollars.     The  market  is  in  Ontario,  to  the  Grand  Trunk  railwav  ooffi- 
pany,  for  ])ublic  works,  etc.     Our  capacity  is  equal  to  400  or  500  barrels  a  dsf. 
There  is  no  doubt  that  the  cement  is  lii-st  class,  for  by  actual  test  it  stands  ahead  of 
the  Akron  cement.     It  sets  as  hard,   but  not  as  (quickly,  as  the  Portland.    The 
demand  for  it  is  increasing  ;  it  works  well  with  our  terra  cotta,  making  a  fiini  in^ 
solid  wall  by  the  cement  rooting  intotlie})orouscharacter  of  the  terra  cotta  mateiisl- 
We  expect  ir  will  come  more  and  more  into  use.     Our  contracts  for  1889  agk-regate 
already  three  times  the  output  of  1888.     About  a  year  ago  we  started  the  man"' 
fjicture  of  poious  terra  cotta  for  building  and  fire-proof  purposes.     It  i-  mHnufe*^' 
tured  under  American  and  Canadian  ^mtents  which  we  control ;  we  have  made  gref^^ 
improvements.     The  clay  is  mixed  with  sawdust  to  an  extent  governed  by  th^ 
weight  and  strength  we  wish  to  produce.     What  we  find  the  most  useful  is  a  mi^" 
ture  that  gives  a  product  about  one-thini  the  weight  of  brick  ;  that  is  to  say  apc^" 
duct  a  square  foot  of  which  will  not  weigh  above  one-third  as  much  as  a  sqotf^ 
foot  of  brick.     In  the  process  of  the  manufacture  the  sawdust  is  wholly  consunied, 
leaving  neither  charcoal  nor  ash.     In  the  burning  it  forms  a  chemical  oombinatioii 
with  lime,  etc.     The  sawdust   is  altogether  consumed,    leaving  little  air  spaces 
therein.     The  object  of  having  open  si^aces  is  for  the  sake  of  lightneM,  dr]n'^e*ft 
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td  unirorniity  of  temperature.  It  also  deadens  sound.  After  the  brick  comes 
it  of  the  mould  it  is  dried  and  at  this  season  of  the  year  we  apply  artificial  heat. 
le  length  of  time  it  takes  to  dry  depends  upon  the  temperature  and  other  condi- 
ID8.  We  have  tunnels  for  drying,  in  which  we  put  through  a  charge  a  day ;  on  the 
ying  floors,  to  which  heat  is  conveyed  by  steam  pipes,  it  requires  several  days. 
e  make  the  terra  cotta  for  several  different  purposes,  such  as  ceilings,  floors, 
irtitionB  furring,  roofing,  etc.  When  used  for  roofing  it  deadens  all  sound,  so  Use  <>f  the  terrA 
At  the  falling  of  rain  or  hail  cannot  be  heard  underneath.  The  roof  may  be  ^^^' 
•^ered  with  tar  paper  and  asphalt,  for  nails  can  be  driven  into  it  as  firmly  as  into 
mber.  It  is  also  well  adapted  for  churches  and  assembly  chambers  on  account 
Its  acoustic  properties.  A  material  of  some  similarity  was  used  in  the  largest 
iflding  in  Chicago,  the  Auditorium.  They  make  the  material  there  sofier  than 
IT  architects  would  allow  it  here.  The  strength  required  in  New  York  is  equal  to 
prcdsure  of  1,700  lb.  to  the  square  foot.  A  test  was  recently  made  in  Toronto  of 
ir  material  when  4,545  lb.  of  pig  iron  was  put  on  to  a  square  foot  of  a  four  feet 
Ml,  and  that  without  any  yielding  or  sign  of  weakness.  This  wai  perfectly  satis- 
ctory  io  Mr.  Waite,  the  architect  of  the  Government  buildings,  the  Bank  of 
>inuierce  and  the  Canada  Life  building,  all  in  Toronto.  Another  advantage  it 
Mnesses  is  the  ease  with  which  it  can  be  handled  by  workmen.  We  get  the  clay 
r  the  term  cotta  from  the  same  lot  from  which  we  get  the  cement  stone  at 
apanee  Mills,  where  we  also  get  building  stone,  brick  clay,  and  almost  a  fire  clay 
om  underneath.  For  this  year  the  value  of  our  product  will  be  about  $17,000. 
nr  market  is  altogether  in  Canada,  and  we  are  satisfied  with  the  progress  we  have  Market. 
^e  so  far.  We  hive  had  some  ver^'  good  orders.  As  our  ^orks  arq  at  present, 
9  employ  i^O  men.  Oii  ^Vhite  lake,  along  the  Napanee,  Tamworth  and  Quebec 
ilway,  there  are  large  beds  of  marl  composed  of  vegetable  matter  and  shells 
ixed  together  ;  it  is  (»und  in  a  plastic  st^ite.  Mixed  with  the  clay  from  the 
ment  property  it  makes  a  pretty  fair  Portland  cement. 

HevDson  Murray — T  am  the  president  of  the  Toronto  Pre?*8ed  Brick  and  Terra 
otta  Co.  Our  company  was  organised  within  a  Vi^ar.  The  amount  of  t he  Brick  and  tem 
ithorised  capital  is  $.00,000,  of  which  the  paid-up  is  between  $30,000  and  840,000.  «>"»  '^"'^ 
le  property  is  on  the  (.*anadian  Pacitic  railway  two  m*les  west  o  Milton.  We 
ive  100  acres.  Tlie  clay  was  discovered  in  the  early  part  of  l>-87,  and  it  extends 
''er  7*>  acres.  We  have  gone  down  about  21  feet  and  find  it  to  improve  as  we  go 
>wu.  It  is  just  under  the  mou  tain,  and  on  the  same  lot  there  are  freestone  and 
nestone.  We  consifler  that  the  (quantity  is  inexhaustible,  being  from  70  to  100 
et  d»  ep.  The  clay  is  of  m  rtddish  c  )lor :  we  understand  it  does  not  ctaitnin  any 
ne,  but  there  is  some  magnesia  in  it.  We  began  work  in  the  spring  of  this  year, 
^e  have  an  eusiine,  boiler  and  two  machines  CiqMible  eich  of  turning  out  20,000 
rick  a  (lay.  The  machines  are  worth  abcut  82,000  each.  We  use  s" eel  moulds, 
t  present  we  can  make  about  30,000  a  day.  We  have  just  about  completed  cmr 
Ationary  kilns,  each  of  which  contain  about  1*20,()0()  bricks.  We  are  buihling  a 
led  over  the  whole  five  kilns,  so  that  we  will  bt»  able  to  work  in  any  weather. 
'he  first  kiln  was  lighted  in  May  or  June,  and  the  brick  was  rather  light  in  color. 
think  we  made  300,000  or  400,000  this  year.  There  are  four  (»r  five  Imu  es  being 
wilt  with  them,  and  we  have  orders  for  some  for  WHieh-'Usos  We  h;ive  also  got 
A  order  for  800.000  off-c  lor  brick  for  sewers.  The  face  or  pick  brick  we  sell  at  Ma«hiiiery. 
t20  a  thousand.  There  occur  in  the  deiMjsit  beds  »»f  white  clay  thai  we  have  iiot 
)eenable  as  >et  <|uite  to  separate,  but  we  hope  to  be  abh^  to  do  ^o.  The  clay  i^* 
anshed,  pulverised,  and  put  thn-)Ugh  our  separators  so  that  wheri  it  goes  into  'he 
Bwmld  it  is  like  fine  dust  and  perfectly  dry.  The  Canadian  Pacific  railway  passes 
khrough  the  lot  and  there  is  a  switch  to  the  works.  Our  superintendent  in  an 
Boglishman,  and  he  says  the  clay  is  as  good  aa  any  in  the  States,  but  he  will  not 
^ait  that  it  is  as  good  as  the  English.  Alter  the  works  are  up  1  think  a  inan:iger 
^^  10  men  wi'l  run  them.  The  wages  are  in  the  neighborho()d  of  81.25  to  $^1.50 
Pwday. 

Af.  J.  Hijites — I  am  engaged  in  the  manufacture  of  terra  cntta  in  the  ci  y  of 
Toronto.  We  get  our  raw  material  from  the  towns' lip  of  Toronto,  county  of  I  eel,  {^rra'cotul^ 
**^ut  20  miles  from  here.  In  its  uatunU  condition  the  clay  is  red  and  is  largely 
P^ipregnated  with  ox  de  of  in.n.  I  do  not  know  the  depth  of  the  bed,  but  think 
**ill  run  100  feet.  We  have  confined  cmrselves  to  the  manufacture  of  ornamental 
^fk  for  the  inside  and  out«ide  of  buildings.  We  cinnmenced  work  about  five 
fun  ago,  and  since  that  time  our  business  has  increased  very  much.  Last  \ejir 
»e  made  about  $25,000  worth.  Our  product  has  been  sold  all  over  Ontario,  in 
nonb-eal,    and    as    far    as    the    lower    provinces.       Our  market   is   increasing. 
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Terra  cotta  is  coining  very  much  into  favor,  but  I  do  not  know  that  it  has  1 
made  as  yet  by  anyone  except  ourselves  in  Canada.  There  are  pot*^eries  all  ( 
Canada.  The  clay  they  use  is  imported.  The  goods  we  make  are  protected  ' 
duty  of  30  per  cent. 

Albert  Carpenter — The  companv  of  which  I  am  a  member  is  the  Hamilton 
Toronto  Sewer  Pipe  Co.  Our  stock  is  890,000,  of  which  870,000  is  paid  up.  Wc 
only  manufacturing' at  Hamilton.  Besides  the  clay  we  get  here  we  use  8 
imported  clay  whicli  we  get  from  New  Jersey  and  Ohio.  That  which  we  get 
is  quite  close  to  the  city,  on  the  west  side.  We  mix  the  clays  in  different  pro 
tions  according  to  the  quality  of  the  pipe  we  want  to  make.  We  think  wc 
make  as  good  pipe  without  mixing  the  importeil  at  all,  but  the  trade  is  prejudiced 
requires  it  to  be  done.  We  have  had  tests  made  by  an  engineer,  and  the  pipe  i 
alt  »gether  froiQ  our  own  clay  was  the  stronger.  The  value  of  our  total  ou 
has  increased  within  the  last  two  or  three  years,  and  is  now  about  870,000  a  3 
We  employ  40  or  50  men  altogether.  We  pay  ordinary  laborers  81.50  in  sum 
skilled  labor  81.75  to  82,  and  some  working  by  the  piece  make  as  high  as  $8  a 
We  have  two  factories  in  the  city.  In  one  we  bum  wood  and  in  the  other  coal, 
we  cannot  say  yet  which  is  the  more  economical.  The  wood  we  use  is  pine, 
costs  about  83  per  cord  delivered.  Our  market  is  in  Canada.  There  is  anc 
factory  in  St.  John's,  Quebec,  in  which  I  had  a  half  interest  till  about  a  year 
that  supplies  the  pipes  used  in  Montreal.  We  supply  from  Kingston  west,  ei 
Toronto.  We  do  not  supply  more  than  one-tliird  of  the  Toronto  pipe  ;  all 
rest  used  in  that  city  comes  from  Scotland  and  the  States.  With  that  exceptio: 
sell  most  that  is  used  in  Ontario.  Our  business  has  had  a  steady  growth.  Di 
the  last  five  years,  since  I  have  been  connected  with  the  enterprise,  operai 
have  doubled.     The  business  is  quite  satisfactory  and  pays  fairly  well. 

S.  S.  Mutton — I  am  interested  in  a  deposit  of  kaolin  at  Hamilton.     It  is 
on  the  border  of  the  city,  a  mile  and  a  quarter  from  the  city  hall.     It  was  fom 
the  property  of  Dr.  Springer.     It  is  at  the  base  of  the  mountain  and  appears 
the  pressure  of  the  mountain  had  driven  it  out.     It  is  decomposed  felspar 
week  ten  cars  of  it  were  sent  to  some  crockery  concern  in  Chicago.     There  w« 
analyf^is  made  by  the  government  analyst  at  Ottawa,  and  he  reported  it  free 
iron  or  lime.     It  is  useful  for  making  ornamental  articles  and  crockery.     Mr.  i 
of  Carleton  has  tested  this  clay  and  pronounces  very  favorably  upon  it.     I 
some  of  it  to  New  York  and  they  said  it  was  kaolin  and  a  very  good  article 
man  from  St.  Louis  said  that  he  had  never  seen  as  good  except  at  some  pla 
Texas. 

Charles  Taylor — My  business  is  that  of  engineer.  At  present  I  live  at  Br 
water,  Ontario.  For  the  last  twenty-five  years  I  have  been  interested  in  mi 
in  Nova  Scotia  and  Ontario.  In  Nova  Scotia  I  was  employed  by  the  Loudon 
Mining  Co.  as  superintendent  of  their  works,  and  I  erected  the  first  crush 
that  part  of  tlie  country.  I  came  to  this  part  of  Ontario  about  six  years  ago 
Montreal.  Directly  or  indirectly  I  have  been  engaged  in  muiing  operation 
about  twenty-five  years.  I  have  been  working  the  actinolite  mills  at  Bridgew 
I  put  up  the  works  there,  and  I  have  three  patents  on  the  process,  one  for  brei 
the  stone,  one  for  pulverising,  and  the  other  for  a  composition  for  roofing, 
actinolite  occurs  diagonally  in  the  vein,  at  an  angle  of  about  40  degrees.  W 
it  sometimes  in  veins,  som'^timcs  in  pockets  ;  some  of  the  pockets  are  from 
12  feet  broad,  and  where  found  in  pockets  it  is  generally  in  irisms.  It  seei 
be  associated  in  an  upheaval  between  tlie  dolomite  and  the  gneiss  or  trap.  O 
east  side  is  a  cim<;lomerate  of  limestone  and  quartz  pebbles,  with  a  matr 
limestone  ;  next  tho  C4)uglomei'atu  is  slate  then  magnesian  rock,  and  then  the  g 
again.  There  is  no  trap  noiw  the  actinolite  itself.  I  have  seen  actinolite  occurr 
in  other  parts  of  the  country,  but  only  on  the  same  range  of  rocks  ;  I  hav( 
seen  them  in  any  other  range.  This  is  the  only  place  I  have  seen  it  in  Ontari 
have  seen  it  in  the  province  of  Quebec  ;  but  there  it  does  n'^t  occur  in  the 
manner,  being  associated  with  asbestos.  We  get  different  kinds  of  actinolite 
kind  is  long,  another  comes  up  in  pri-^ms  from  one-half  or  five-eighths  of  an  in 
six  inches  long.  It  is  all  the  same  when  ground.  We  have  not  found  any  asb 
I  think  the  present  source  of  «up()ly  may  become  exhausted  without  regular  n 
and  a  great  deal  of  expense.  During  the  six  years  I  have  been  in  the  bosini 
have  sent  away  from  our  place  about  8^,000  worth  a  year.  The  actinolite  i 
broken  up,  then  it  is  pulverised,  then  it  is  ground  into  dust,  except  that  tl 
fiber  is  drawn  the  same  as  paper  pulp  ;  that  absorbs  the  tar  and  it  consoli 


Wb  mix  it  up  with  tar  the  same  as  mortar,  anl  it  can  be  put  on  tlie  same 
MB  mortar.  What  we  ship  from  the  factory  we  do  not  mix  with  tar  ;  we  sell  it 
in  m  palverised  state.  It  is  put  up  in  bags  containing  100  pounds  ;  on*)  bag  con- 
tains enough  for  10  feet  8([uare  of  roofing  and  the  price  per  bag  is  75  cents.  It  Market  for  the 
t^kes  about  80  horse-power  to  drive  the  machinery  for  grinding  *25  to  30  tons  a  P'^"^- 
dAy.  Wo  use  water  power  altogether.  Our  mill  runs  about  six  or  eight  weeks  in 
tbe  year,  and  we  find  a  market  for  our  product  in  Canada  and  the  States.  We 
al^rays  have  orders  ahead,  and  this  year  wc  could  nut  fill  all  the  orders  because 
we  hid  not  sufficient  water.  In  addition  to  rooting  our  product  is  used  for  side- 
walks and  the  foundations  of  houses.  Lt  does  not  crack  or  shrink,  and  it  is  fire- 
proof. The  tar  will  bum  a  little,  but  that  forms  as  a  crust ;  it  is  a  non-conductor. 
A^  our  mills  we  employ  sometimes  as  many  as  10  or  17  teams.  Five  men  are 
employed  in  the  mill,  and  at  other  times  the  same  men  work  in  the  mine.  We  pay 
Si.  25  a  day  to  men,  and  82.50  for  teams.  The  duty  entering  the  States  is  10  per 
cent  because  it  is  not  a  finished  article  ;  that  amounts  to  about  $1.50  a  Um.  The 
rm'mr  material  costs  us  about  93  a  ton. 

Joieph  James — I    am    in    partnership    with    Mr.    Taylor   in    tlie   actinolite 
boiriness,   which   is  now   in   liquidation.      The  ciipital  invested  is  about   8^7,000  Roofing  m&^ 
or    $18,000.    Mr.   Taylor's  share  is  about  $3,000.     The   cement  we  manufacture  ^*^*'- 
IB     made    for    roofing.       It    is    altogether   different    from    any    other     kind    of 
oement  ;    it   is   the  only    one    using    actinolite   or    fiber    to    make    the    bond ; 
tlie  others  use  mica  for  that  purpose.     We   also  grind   cement  in    which   mica 
i*      used  as    a    further    bond,    and   I    think    this   is   an    improvement.     As   the 
trmde  get  it,  it   is  ground  tty  about  GO-mesh  ;  it  is  mixed  with  coal  tar  and  pitch, 
itti^  sometimes  asphalt,  according  to  the  quality  of  the  roofing  desired.     It  is  spread 
on   the  roof  while  hot,  the  total  thickness  including  the  felt  on  which  it  is  spread 
beim^  half  an  inch.     This  roofing  never  gets  hard  ;    it  remains  elastic,  and  will 
beiw  to  a  limited  extent  without  cracking.     Our  patent  covers  tlie  use  of  actinolite 
■^th  coal  tar  or  its  chemical  equivalent.     The  process  of  laying  it  is  not  a  patent, 
only  the  materials.     The  cost  is  about  the  same  as  a  good  gravel  roof,  and  it  is 
more  durable  and  better  in  every  respect.     The  coal  tar  or  pitch   is  hermetically 
■^•ied  in  the  material,  and  cannot  possibly  evaporate  or  dry  up.     The  sun  or  the 
^'ottwill  not  affect  it.     It  is  as  fireproof  as  a  roof  can  be  ;  more  so  than  any  metal 
Toof.    Insurance  companies  take  it  as  a  first  class  roof.     It  has  another  advantage 
ov»  metal  roofs  besides  being  much  less  expensive  ;  it  is  not  affected  by  coal  gas 
11^  cities,  as  is  the  case  with  metal  roofs,  particularly  in  foggy  weather.     The  pro- 
portion in  mixing  is  11  gallons  of  coal  tar  or  its  ecpiivalent  to*100  pou;ids  of  actin- 
olite.   It  is  infusible  ;  it  can  be  softened  by  heat,  but  cannot  bum.     1  grind  some 
pica  for  the  Grand  Trunk  to  use  as  a  lubricator.     The  first  cement  was  made  here 
01  June,  1883,   since  that  time  there  has  been  turned  out  about  50,000  bags  of 
100  lb.  each.     Last  year  was  our  smallest  j  ear's  business,  owing  to  trouble  among 
^'Wielves.     It  is  now  four  years  since  any  endeavor  was  made  to  extend  the  busi- 
ly but  I  think  it  is  capable  of  being  extended  largely.     Our  principal  markets 
•J'B  Montreal,  Chicago  and   Detroit.     I   am  satisfied  with  Taylor's  pulveriser  ;  1 
^*t  know  of  anything  to  beat  it.     I  can  put  through  25  tons  a  day  of  ordinary 
*wk,  12  hoars  work  and  2,300  revolutions  to  the  minute.     It  will  grind  20  tons  of 
pluMphate  in  ten  hours.     Working  easily  it  will  do  about  1^  tons  of  the  actinolite 
**\  hour.     I  would  recommend  it  as  the  l>est  grinder  1  know.     I  have  seen  it 
S'ioding  bones  in  the  Montreal  abattoir.     It  will  do  about  the  same  amount  of 
9P^rtz  as  of  phosphate.     The  vein  on  lot  7  in  the  1st  concession  of  Kaladar  is  10 
,      yl^  inches  wide  on  the  surface.     We  have  gone  down  23  feet,  and  it  is  about  from 
!      *1  to  i  feet  wide.     I  think  it  is  a  vein  there,  because   I  never  found  it  in  any  place 
;      ^  to  that  depth.     Our  material  costs  us  from  81  to  $5  a  ton. 

\  B,  B.  Fralick — I  am  intereste-l  in  the  slate  property  on  the  north-west  corner 

^  bt  5  in  the  6th  concession  of  Madoc,  being  about  five  acres  in  extent.  The  Slate 
**te  is  of  a  grey  color  and  is  like  the  Scotch  and  Welsh  slate.  The  cleavage 
•''eiy  superior  and  its  strength  very  great.  As  far  as  we  got,  it  was  too  hard  to 
••ke  roofing  slate  to  pay.  We  were  above  what  is  called  the  waterline  :  to  get 
JooJ  slate  we  would  have  to  go  below  the  action  of  the  air  and  weather.  We  went 
^0|^  about  40  feet.  It  would  cleave  to  the  thickness  of  roofing  slate,  but  not  so 
thin  as  the  Rockland  slate  in  the  province  of  Quebec ;  but  ours  would  stand  a  test 
*>fo strength  better  than  the  Rockland.  We  made  some  into  fiags,  and  these 
itiQd  the  weather  well  without  scaling  on  exix>sure.  I  think  the  whole  band 
ooaUbeiued  in  the  manufacture  of  flagging,   mantels,  etc.     Tlie  color  is  a  verj* 
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nice  grey  and  is  uniform.  We  have  not  tried  to  polish  it.  Wo  could  get  cubes  as 
large  as  12  or  14  feet  lon^hv  2  wide.  We  could  get  ordinary  flagq^ing  tlate  4  by  2i. 
The  extent  of  our  quarry  is  al>out  five  acres.  We  have  not  organised  a  joint  s^odi^ 
company,  but  we  began  work  in  June,  1880,  and  expended  from  $o00tof70Jii 
month  till  the  c<>lil  weather  about  the  middle  of  November.  We  expended  about 
$0,500  upon  the  work.  The  opening  must  be  45  feet  long  by  30  or  40  feet  w  ide,  tmd 
about  35  feet  deep.  Our  stone  was  valuable  for  flagging  from  the  very  top.  We  found. 
a  market,  but  could  not  gee  machinery  to  cut  our  blocks  into  the  pro|)er  shape.  The 
mistake  we  made  was  making  rooling  slate,  of  which  we  made  considerable  quan- 
tities. We  thought  we  could  control  the  whole  of  the  market  of  western  Ontario  f<»r 
rooting  slate  ;  but  we  could  not  make  pro])er  rootini;  slate  if  we  had  the  orders,  (» 
we  were  not  far  enough  down  to  get  the  proper  slate.  Had  we  begun  by  ni'iking' 
flat^ging  we  could  Iiave  got  a  market  in  Canada.  The  duty  going  into  the  Statei  is- 
$15  a  ton,  and  therefore  too  high  to  allow  of  a  market  being  found  there. 

CHARCOAL. 

The  Commission  visited  the  charcoal  ovens  of  the  Rath  bun  company 
at  Deseronto.  Th(;se  are  constructed  on  the  ordinary  beehive  pattern,  witL 
some  modification  in  the  flue  arran<:;ement,  and  they  manufacture  aeveraL 
bye-products  as  well  as  charcoal.  The  ovens  are  eight  in  number,  eacii. 
holding  50  to  55  cords  of  wood,  and  the  yield  per  cord  is  stated  to  be  50 
bushels  of  charcoal,  8,000  to  10,000  cubic  feetof  gas  and  4  bairela  ofliqaid- 
The  liquid  is  used  in  the  manufacture  of  wood  alcohol,  acetate  of  lime,  su^ar 
of  lead,  dyeing  material,  etc.  The  works  produced  last  year  75,000  bushels 
of  charcoal.  The  charcoal  producing  district  of  Essex  was  not  visited,  but  it 
is  understood  that  the  coal  made  there  is  used  nearly  altogether  by  the  Deti-oit 
smelting  furnaces. 

COPPER    AND    NICKEL. 

The  only  copper  locations  visited  by  the  Commission  were  in  the  Huroa- 
ian  formation,  occurring  either  in  quartz  veins,  as  at  Bruce  Mines  and  Echo 
lake,  or  in  large  deposits  and  in  strong  belts  like  iron  ranges,  as  in  the 
vicinity  of  Sudbury.  The  occurrences  at  Mich ipico ten  and  M  aniainse  in  tbe 
copper  bearing  series  were  not  visited,  and  reference  must  be  made  to  the 
evidence  for  information  concerning  these. 

In  the  iK^ighborhood  of  Sudbury,  on  the  line  of  the  Canadian  Pacific  rail- 
way, very  important  devclopmonts  have  recently  been  made  to  the  north-e»8t 
and  fcoulh-west  of  that  town,  stretching  into  and  beyond  Denison  township.  Th© 
rocks  as  a  rule  consist  of  quart zites,  chloritic,  hornV>lendic  and  talcose  scbiBt^ 
and  iliorites,  both  coarse  and  fine  grained,  the  diorites  and  schists  being  esp^^* 

■ 

ally    prevalent  about   Sudbury.      The    copper  occurs  in  a  highly  pyroxe^ic 
diorite  belt,  and,  us  a  rule,  associated  with  nickeliferous  pyrrhotite,  the  average 
composition  of  the  ore  being  from  3  to  7  per  cent,  of  copper  pyrites,  2J  to  3? 
per  cent,  nickel,  about  63  per  cent,  pyrrhotite,  and  30  per  cent.  rock.     T^^ 
ore  occurs  irre«»ularly  in  large  lenses,  dipping  south  east,  and  is  also  found  <^'^' 
seminated  through  the  diorite,  with  which  it  has  undoubtedly  been  broug'' 
up.     Th(;  V>elts  can  be  traced  for  a  long  distance  through  the  country,  s"^ 
the   ore   bodies   occur   at   uncertain   intervals.      The   ore   deposits  are  <li9' 
tinguishable  by  the  red  color  given  to  the  soil  by  the  decomposed  ferraginou^ 
matter.     The  oi  e  is  hard,  and  the  ore-lenses  as  a  rule  form  hills  or  mounds. 
Examples  are  been  (as  at  the  Vermilion  copper  shaft)  where  chaloopyrite 


fomiH  yeins  and  massen,  with  breccia  of  diorite,  and  associated  with  which 
omtiv'e  copiier  has  l»een  found  in  leaf  form.  It  is  possible  that  this  rich  copper 
ore  is  due  to  a  secondary  action,  and  has  leached  or  segregated  out  from  the 

diorite     Free  gold  has  also  been  found  with  the  diorite  in  which  the  copper 

oocara. 

As  this  district  has  recently  been  receiving  more  notice  than  any  other 
mining  region  of  the  proviuce,  it  may  be  of  public  interest  to  give  a  few 
nott-s  of  some  of  the  principal  deposits  which  are  now  being  opened  up. 

The  copper  in  shaft  No.  1  of  Veroiilion  mine,  Denison  township,  occurs 
in  a  dioritic  copper-carrying  band  running  east  and  west  At  the  VennUton  mint. 
point  where  the  shaft  has  been  sunk  the  rock  is  highly  pyroxenic 
^u&d  with  quartz  stringers.  Free  gold  is  visible  in  places.  The  diorite 
^ftnies  copper  pyrites  disseminated  through  it,  but  here  a  fissure  has 
fonned  (to  what  extent  not  yet  determined)  running  in  a  north-east  and 
<cmth-we8t  direction,  and  dipping  65^  to  the  south-east.  This  is  filled  with 
«  mass  of  rich  copper  pyrites,  the  surface  of  which  is  coated  with  grey  copper 
Ail|»hide  somewhat  decomposed  and  soft.  NTative  copper  is  also  found  in  fem- 
^e  leaves  in  a  thin  flucan  vein  cutting  in  from  the  south-east  and  dipping  at 
t  low  angle  to  the  north-west.  Native  copper  also  occurs  in  grains  in  crystal- 
^  bomblende  rock,  but  in  very  small  quantities.  The  copper  ore  occurs,  as 
More  stated,  in  a  pure  mass  surrounding  rock  masses  and  breccia  in  the  vein, 
And  also  in  joints  and  cracks  of  the  diorite,  having  apparently  been  separ- 
ated out  of  the  diorite.  Iron  pyrites  occurs,  but  not  to  any  great  extent, 
ud  also  some  galena  and  nickeliferous  pyrrhotite.  The  upper  part  of 
^  de|>08it  has  dttcomposed  to  a  red  gossan,  which  treated  at  the  stamp 
■flull  18  said  to  yield  gold  and  sperrylite,  an  alloy  of  platinum  and  other  metals 
<A  that  group  with  arsenic.     A  stringer  of  quartz  with  copper  pyrites  runs 

into   the  shaft  from   the  north-west  side,  while  on  the  south-east  side  of  the 

^f t  the  copper  pyrites  is  fifteen  to  twenty  feet  across. 

The  outcrop  of  copper  on  the  Krean  location,  lot  5  on  the  5th  concession  of 
^^onison,  is  an  example  of  the  established  copper  belt  which  can  \>e  traced  for  KreAn'sioeatiom 
A  long  distance.  The  hill  is  stained  and  covered  with  red  gossan  from  decom- 
pwod  pyrites,  extending  for  50  yards  across  the  strike  of  the  belt,  which 
nui8  in  an  easterly  and  westerly  direction.  It  consists  of  pyroxenic  rock  and 
^*wccia  of  the  same,  cemented  by  copper  pyrites  and  some  quartz  veins.  The 
pyroxene  rock  varies  in  texture  from  coarsely  crystalline  (sometimes  with 
^^ls|iar)  to  a  closely  grained  dioritic  rock.  A  close-grained  quartzite  or  fels- 
{Mhic  rock  occurs  on  the  north-west  side  of  the  deposit. 

The  Stobie  mine  is  the  property  of  the  Canadian  Copper  company,  ami  is 
><^CAted  in  a  copper  belt  which  runs  north-east  and  south-west  through  the  town-  stobie  mine. 
^'Ups  of  McKim  and  Blezard,  cutting  through  the  south  east  corner  of  the 
^ter.  The  ore  occurs  in  a  highly  pyroxenic  diorite,  similiar  to  that  seen 
^'Uh  the  copper  in  Denison  township,  in  great  masses  of  solid  ore  and  dissem- 
iiiftted  throogh  the  diorite.  It  consists  of  a  mass  of  nickeliferous  pyrrhotite 
Cttiying  copper  pyrites.     An  open  cut  has  been  run  north  70^  west  for^  feet 
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across ;  the  bottom  Ib  filled  with  water,  but  the  end  is  solid  ore,  as  are  aln 
the  exposed  sides.  A  hill  rises  some  75  feet  on  the  west  side,  from  which  or* 
is  being  quarried.  A  level  has  been  run  north  70°  west  for  60  feet  into  thi 
hill,  and  on  the  north  side  of  the  level  ore  is  exposed  all  the  way.     On  thi 

south  side  of  this  level  rock  was  seen  for  24  feet 
[*  coming  in  at  about  10  feet  from  the  entrance 
There  is  therefore  more  than  100  feet  chiefly  o 
ore  exposed  across  the  strike,  dipping  45^  to  norti) 
west.  See  Fig.  5.  It  is  reported  to  carry  3J  pe 
cent,  nickel,  3  per  cent,  copper,  40  per  cent,  iron 
25  per  cent,  sulphur,  and  28.5  per  cent,  rock  mat 
ter,  or  in  other  words  71^  per  cent,  metal  an* 
28^  per  cent.  rock.  It  was  stated  in  evidence  that  a  shipment  to  Londa 
and  New  York  was  dressed  up  to  7  per  cent,  copper  and  contained  3  pe 
cent,  nickel. 

Oopper-clifl  mine,  also  the  property  of  the  Canadian  Copper  company,  lies  t 
tha  south-west  of  Sudbury,  and  is  therefore  probably  on  the  same  copper  bel 
as  the  Stobie  mine.  The  ore  and  rock  mass  form  a  ferruginous  colored  hiU 
on  the  southerly  side  of  which  a  large  amount  of  ore  has  been  excavated 
and  a  shaft  has  been  sunk  at  45°  to  the  north  to  a  depth  of  312  feet' 
At  each  100  feet  levels  have  been  run  east  and  west,  the  greater  mass  of  or 
being  found  towards  the  east.  Cross-cuts  have  been  driven  at  frequent  intei 
vals,  in  one  case  running  into  quartzite  to  the  north.  Some  of  the  levels  ar 
nin  in  the  rock,  but  a  great  deal  of  ore  has  been  opened  up,  occuring  in  shoot 
or  irregular  massea  The  composition  of  the  ore  is  the  same  as  that  of  th 
Stobie,  with  the  exception  that  there  is  more  of  a  crystalline  pyrrhotite  whic 
is  said  to  run  higher  in  nickel  than  the  average.  It  is  broken  with  a  Blak 
crusher  and  then  hand-picked.  The  country  rock  to  the  south-east  of  th 
pyroxenic  diorite  band  is  a  chloritic  shale,  with  brecciated  masses  and  segrc 
gated  crybtals  occuring  in  places  through  it. 

The  Evans  mine,  which  is  also  the  property  of  the  Canadian  Copper  com 
pany,  lies  a  little  west  of  south  from  Copper-cliff,  and  about  one  mile  distant 
from  it.  A  ferruginous  mound,  but  of  smaller  dimensions  than  the  other 
marks  its  location.  A  diamond  drill  was  put  down  a  depth  of  1 30  feet  i 
ore  all  the  way,  and  a  shaft  had  been  sunk  85  feet  at  the  tiaie  of  our  visi' 
Here  and  there  the  diorite  comes  in,  dipping  south-east  across  the  shaft,  be 
for  the  most  part  the  shaft  passes  through  solid  ore.  The  shaft  is  1 2  by 
feet  inside  measurement.  A  very  good  ore-bouse  for  crusher,  screens  and  or* 
pockets  has  been  erected  over  it.  The  ore  is  similar  to  that  of  the  Stob: 
and  Copper-cliff  mines,  being  a  nickeliferous  pyrrhotite  and  occurring  in  lik 
manner.  It  may  be  distinguished  from  that  of  the  other  mines,  however,  i 
that  it  has  a  spotted  appearance,  due  to  the  regular  dispersion  of  the  differen 
minerals,  but  the  ores  of  all  three  mines  are  apparently  of  a  nearl 
uniform   richness.     The   dioritic   rock    alongside    the   ore   boilies    con  tail 


*  On  the  iBt  of  June,  1889,  the  shaft  had  reached  a  depth  of  435  feet. 
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pyrites  spotted  through  it,  as  is  the  case  also  for  the  most  part  with  the 
diorite  similarly  situated  in  the  other  mines. 

At  the  Wallace  mine  location  on  the  north  shore  of  lake  Huron,  a  short 
distance  west  of  the  mouth  of  Whitefish  river,  the  strike  of  the  rocks  is  a  little  JJ^it^^  ^"'^ 
north  of  east  and  south  of  west     The  location,  known  as  Montalba,  consists 
of  1,600  acres.     The  rocks  are  quartzoso  shales  and  diorites,  varying  in  places 
bx>m  close-grained  and  compact  to  shaly.     Some  copper  pyrites  and  nickel' 
iferous  arsenical  pyrites  occur  in  the  diorite,  and  in  the  quartz  stringers  in  it. 
Two  shafts  were  sunk  many  years  ago  at  some  50  yards  apart  in  the  diorite. 
Both  were  filled  with  water,  and  there  i?  no  evidence  among  the  dump  piles 
of  any  ore  of  value.     About  half  a  mile  to  the  west  on  the  same  property, 
ttound  a  point  of  land,  another  shaft  has  been  sunk  in  chloritic  schists  and 
diorite.     Some  particles  of  copper  pyrites  are  to  be  seen  in  the  rock  at  the 
damp,  but  otherwise  no  sign  of  vein  or  vein  matter  or  ore  of  any  value.     It 
may  be  said  that  at  the  places  visited  by  us  on  this  property  there  appeared  ta 
be  small  masses  of  copper  pyrites  and  iron  pyrites,  and  in  one  place  some 
i^ickeliferous  and  arsenical  iron  pyrites  in  a  quartz  stringer  in  dioritic  rocks^ 
chloritic  schist,  and  to  a  less  extent  in  quartzite,  but  we  were  unable  to 
detect  any  satisfactory  sign  of  a  permanent  vein,  or  of  segregated  masses  of 
niineral  matter,  although  such  veins  are   described  in  Logan's  Geology  of 
1863.     Either  information  given  by  interested  parties  was  published  in  the 
i^porti  or  we  did  not  visit  the  right  localities. 

The  quartz  veins  carrying  copper  ore  which  occur  in  the  Huronian  forma- 
tion are  well  illustrated  at  Bruce  Mines,   where  strong  ones  occur  in  the  Bruce  and 
greenstone  or  diorite.      These  veins   are  fully  reported  on  in  Sir  William  minS!**^** 
I^>gan's  report  of  1849,  from  which  the  plan  of  the  lodes  is  taken.     (Fig.  6.) 

The  veins  are  6  to  20  feet  wide, 
and  near  the  crusher  mill  an 
open  cut  in  the  vein  shows  a 
width  of  15  feet.  It  is  said 
they  can  be  traced  2 If  miles  on 
the  surface,  and  that  they  do 
not  diminish  in  width  at  the 
lowest  point  reached,  about 
440  feet.  They  carry  4 J  per 
cent,  of  yellow  copper  pyrites, 
and  a  very  little  iron  pyrites. 
The  property  is  variously 
reported  to  have  yielded 
^2,500,000  to  $7,000,000  worth  of  copper.  |jjImportant  evidence  relating 
^  the  history  of  the  Bruce  and  Wellington  mines  has  been  procured  by 
^^6  Coomission. 

Another  example  of  a  quartz  vein  carrying  copper  is  seen  at  Echo  lake, 
^  the  property  of  the  Austin  mining  company.     A  strong  vein  9  feet  wide 
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Fio.  6.— Map  of  the  Brucv  Mit)C4  ret^on. 
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runs  north  ainl  south  hetwreen  chlorit  ic  schists 
on  the  west  side  and  ({uartzite  on  the  east 
side,  the  latter  of  which  is  replaced  by  a  band 
of  felnpntliic  diorite.  It  would  appear  as  if 
the  vein  hud  been  farmed  in  a  large  fault. 
A  tunnel  about  6  f«  et  across  and  7  feet  high 
has  b.en  diiven  upon  the  north  and  south 
vein,  the  walls  of  which  appear  to  be  well 
defineil.  Another  vein  on  the  same  pro- 
perty is  seen  strikinp^  east  and  west,  although 
Captain  Williains  thinks  that  the  north  and 
south  has  in  irality  twistid  to  the  west.  At 
the  Junction  of  tho  two  veins,  or  at  the 
greatest  angle  of  deflection  if  twisted,  a  sliaft 

V  -  has  been  sunk.     The  matter  on  uhe  duit&p 
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Map  of  Auiitiii  mine  location. 
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of  thi.s  .^li  ift   is   c'liielly  <ju»irtz    vein 
witliout.    njiiirral,  Inir    th<T-   aro  some  3^ 
or  30  tons  of  ore  which  could  be  8tamp0<^ 
n^  canyirivj  yellow   coj»|)er  and  iron  pyrite^* 
Flo.  s.    Contour  of  Au^tin  mine  imatioii.       Several    Other    small    exploratory    shftfO* 

have  also    been   sunk  upon  the  vein 


';  Chhritie  x/ia/fx.     '.".  Qnartzitr. 

veins.     Kiguies  7  and  8  are   plan  and  section  of  this  property,  furnished 
Mr.   George  F.  Austin,  C.E. 

E.  B.  Borrvn — T  am  stipendiarv  magistrate  for  northern  Nipissins.  My  pr^^ 
fessiiii  proper  is  mining.  I  had  fourteen  years  exi)erionce  in  Scotland,  anci  sin 
1850,  when  I  camu  to  America,  I  have  been  mostly  cngu;^'ed  in  mining  and  explo 
ing.  In  1X52  I  went  t»»  the  Dnioe  miiie.s  as  j^oneral  manager,  and  was  there  till 
latter  end  of  1^'>7;  I  then  returned  to  Scotland  to  take  the  management  of  t! 
mines  at  Leadhills,  with  which  I  had  been  connected  before,  'i  here  L  remain 
till  the  mines  were  sold,  shortl}*  after  which  I  ro'urned  to  Caiwida  (in  1862) 
spent  some  time  in  exploring  ou  the  nuitli  shure  of  lake  Huron.  I  was  appoin' 
mining  inspector  for  the  I^jike  Su])erior  mining  division  under  the  General  Mini; 
Act  of  18(iO.  and  retained  that  positi(»n  till  l^^?'*^,  when  1  re.signeii.  From  1874  tiZ- 
1878  I  represented  tin?  district  of  Algoma  in  the  Dominion  H  use  of  Commoni 
deciininc;  renomination  in  1S7S.  1  was  appointinl  stipendiary  magistrate  f* 
northern  Xipisning  in  IST*.*,  since  which  I  have  been  employeii  in  the  Bumm< 
season  chietly  in  the  exploration  t*f  that  region,  better  known  as  the  disput 
territory,  it  would  appear  from  wliat  are  ealled  Indian  diggings  that  the  existence 
of  native  copper  on  botli  shores  of  lake  Superior  must  have  bt;en  known  to  some  o:^ 
the  inliabitants  of  this  continent  in  very  re  note  times.  The  only  localities  iiher^ 
these  dig'iings  have  bnen  found  on  the  north  shore  are,  so  far  as  1  know,  at  ca 
Mamain^e  a^d  up«)n  isle  Royal.  Alth  ui'^h  the  occurence  of  native  cop|)er  on  YK)~ticr 
sides  of  Like  Snperior  was  mentioneil  a  cent  try  before  in  the  narrations  of 
Jesuit  misM(»naries,  it  was  not  till  t'  e  year  1770  tlial  we  hi-ar  of  any  active  mini 
operatijuis  by  Kuropean-*.  We  leani  that  some  three  y- ars  before  that  date  on 
Alexander  lienry.  an  Knglishman,  engaL'ed  in  trading  with  the  Indians,  had 
the  winter  on  Miehipicoten  island  and  reportetl  the  existence  of  lead  at  Mamaiuse 
and  of  the  grey  i-re  of  <-«ipptM'jit  ilmt  and  vari«»us  <»^her  pi  area.  In  the  year  follow- 
ing, 17<)8,  Captain  Carver  hazaixled  the  predict i-m  that  *'  in  future  times  an  advan* 
tageouH  tiTide  in  co]»|)er  will  spring  up.*'  St*  far,  taking  in  l)oth  'tluire;!,  the  galUmt 
captain  wiis  a  prophet :  bur.  in  view  of  tlie  mai^nilicent  canal  and  locks  since 
completed,  how  primitive  were  his  notions  as  to  the  best  way  of  accomplishing  this  ! 
For  he  goes  on  to  say,  ''  The  metal  will  be  conv<>\  ed  in  canoes  through  the  falls  of 
Ste.  Marie,  and  thence  in  larger  vessels  to  the  falls  of  Niagara,  and  after  being 
carrietl  by  land  across  the  jKU'tage  will  t*a  ily  be  tninsported  io  Quebec.'*  In  1770 
Henry  formed  a  com  pan}',  in  which  the  Duke  of  Gloucester  and  other  promineu 
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Bn^lishmen  were  partners,  to  work  mines  on  lake  Superior.     They  had  a  shipyard, 
it  is  said,  at  Point  aux  Pines,  about  six  miles  above  Ste.  Marie,  where  they  luilt  a 
doop  of  forty  ton-<.     A  party  of  miners  were  in  the  first  instance  sent  to  Ontonagon 
ri'v^er  on  the  south  shore,  where  it  would  seem  to  have  met  with  no  success.     The 
{  *rce  was  then  transferred  to  the  north  shore,  somewhere  it  is  thought  about  Pointe 
aux  Mines  or  Afica  bay.     Here  they  sank  thirty  feet  in  the  solid  rock,  but  the  vein, 
wliich  at  the  surface  was  four  feet  in  breadth,  had,  it  is  said,  contracted  in  the 
bottom  of  the  shaft  to  four  inches,  and  under  these  discouraging  circomstances 
farther  mining  operations  were  abandoned.     In  one  narrative  it  is  stated  that  the 
shaft  caved  in  and  killed  sr>me  of  the  miners,  and  that  this,  together  with  the 
difficulty  and  expense  of  transporting  supplies,  led  to  the  abandonment  of  the 
enterprise.     From  other  sources  we  learn  that  the  drift  which  the  miners  were 
driviui^  in  soft  ground  caved  in,  owing  to  their  neglecting  to  timber  it  properly.     It 
is  "nlikely  that  such  an  accident  would  occur  to  a  shaft  sunk  in  the  solid  rock  and 
not  more  than  thirty  feet  deep.     This  circumstance,  taken  in  conjunction  with  the 
fact  that  many  other  veins  presenting  a  good  ap[)earaiice  at  the  surface,  in  that 
B^tioii  of  the  country,  have  subsequently  been  found  to  fail  and  become  wort  iless 
^a  c<jniparatively  shallow  depth,  leads  me  to  think  that  the  first  account  is  the 
^e  one.     Henry  remarks  that  it  was  partly  in  ho\yes  of  finding  silver  in  sufficient 
Abunclance  to  make  the  speculation  profitable  that  the  works  wore  commenced.    To 
Dr.  £>.iuglas  H(»ught(m,  state  geolo<rist  of  Michigan,  belongs  the  merit  of  being  the  Exploration  of 
first  tci  explore,  and  in  h  srei)ort  for  1S41  to  make  known  the  le  iding  features  of  the  Jfj^JSn. 
wgi«  nt  on  thtt  south  side  of  lake  Superior,  and  to  give  reliable  and  definite  infor- 
niarion  with  regard  to  the  rich  deposits  oi  native  copper.     With  the  enterprise  so 
■t'y^^ly  characteristic  nf  our  neighbors,    no  sooner  had   the  Indian  title    been 
extiii^c^ished  (1843),  than  a  vast  number  of  app'ications  were  made  for  tracts  of 
minor-^d  land,  and  the  work  for  both  exploration  an«l  development  was  ctrried  on 
▼it  >    :^^reat  vigor,  and  in  some  instances  with  remarkable  success.     From  the  year 
17"'^   t;ill  1815  no  mining  whatever  was  done,  as  far  as  I  know,  on  either  the  north 
shor^  of  Like  Superior  or  lake  Hunm.     About  the  latter  date,  however,  the  atten- 
tion    «»fCanalians  having  been   aroused   by   the  richness  of  some   of  the   veins  ^    ^^.    .  . 
disc<>vered  on  the  south  shore,  they  began  to  fonn  companies  with  the  view  of  eompMy. 
expl*  -ring  for  and  working  the  mineral  deposits  on  the  north  shore,  which  it  was 
thought  mi«{ht  v^o^^  as  rich  as  those  on  the  American  side.     .\  mong  others  was 
the  Mon  real  mining  company.     The  first  steps  towards  the  organisation  of  this 
enterprising  company  were  taken,  I  believe,  in  1845,  for  I  find  on  reference  to  a 
few  rough   notes  taken  from  the  annual  reports  that  Mr.  Forrest  Sheppard  left 
Metitreal  with  a  small  j>arty  on  Miiy  2nd,  1846,  for  lake  Superior  *.o  explore  for  and 
^<«at«  mineral  land  for  the  company.    This  was  followed  by  another  and  la  ger  i>arty 
on  the  8th  of  that  month.    The  whole,  when  ultimately  assembled  on  lake  Superior, 
numbered  between  eighty  and  ninety  persons,  and  were  under  the  char^'e  of  Mr. 
^eppard,  who  had  been  highly  recommende<l  as  well  qualified  for  the  position. 
The  coast  from  Sault  Ste.  Marie  to  Pigeon  river,  upwards  of  500  milee  in  length, 
*^  aarveyed  aikd  more  or  less  carefully  explored.     That  the  company  were  very 
^AQguine  as  to  the  imp(jrtant.*e  of  the  result.'^  of  this  costly  expedition,  and  the  great 
^*lueof  the  mineral  tracts  thus  a<.'((uireil  by  them,  is  evident  from  the  first  annual  ^l&^u^^t 
report  of  thd  trustees,  wherein  the  north  shore  is  described  as  a  *'  region  abouiidin;^  lake  Superior. 
'^  mineral  treasures  requiring  only  the  hand  of  the  miner  to  convert  it  iuUj  a  source 
^'^^  peihaps  inexhaustible   wealth."     Mr.    Shep|)ard  selecte<l   eighteen   tracts,    or 
'^^iiuug  locations,  ajs  we  call  them.     Each  tract  was,  in  tenns  of  the  down  L-inds 
'^^guiations  of  that  day,  five  miles  *n  depth  by  two  in  width,  and  contained  ten 
•jiuare  miles  o'  land.     These,  with  one  or  two  exceptions,  were  all  o>»taine<l  from 
^he  (Soveriiment.     The  price  then  charged  was,  I  believe,  £150  Halifax  currency 
P^d  down  for  each  location,  and  48.  <»r  *4)  cents  an  acre,  f>aj*able  by  instalments,    f 
^hink,  however,  that  the  com|>any  obtained  their  land  h>T  '20  cents  an  acre.    In  1847  Theoompaor 
^e  oompany^B  operations  were  confine<l  u*  a  re-exaniin-<tion  of  the  locations  <»n  lake  <*»>«PPo*nt«d. 
^^perior  and  tit  testing  the  veins  uiK>n  several  of  them,  in  addition  to  which  the 
^^^M  of  lake  Huron  was  explored  from  Sault  Ste.  Marie  to  Lacloche,  and  several 
^Uier  mining  locations  applied  for,  which,  however,  were  subsecpiently  hbandoned. 
^%e  company  was  greatly  disapptnnted  with  the  results  of  bi>th  the  re-exainination 
^  the  won  done  on  their  lake  Su[)t^rior  lr>cations.     They  had  failed  to  realise  the 
wipes  raised  by  the  explorations  of  the  previous  season,  and  the  directors  naturally, 
oQt  somewluit  lustily,  as  it  ap[iears  to  me,  blamed  Mr.  Shep^Mird  for  his  selection, 
ttd  the  men  who  were  employed  to  test  the  veins  on  the  locations  for  their  sup- 
posed incompetence.     In  justice  to  Mr.  Sheppard  it  is  only  right  to  mention  that 
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tweiity-oue  years  later  the  celebrated  Silver  Islet  vein  was  found  to  be  includ 

within  the  limits  of  one  of  the  locations  selected  by  him,  and  for  aught  we  kno 

other  veins  quite  as  valuable  may  be  found  in  other  locations.     It  was  in  this  yea 

that  rich  copper  veins  wore  discovered  on  what  were  afterwards  known  as  the  Bru« 

Mines  and  Copper  Bay  locations.     The  Montreal  company,  by  the  advice  of  the: 

manager,  Captain  Roberts,  an  experienced  miner  who  had  been  brought  out  fro: 

the   United  Kingdom,  purchased   the   Bruce   Mines   location.      So  strongly   wj 

Captain  Roberts  convinced  of  its  value  that  he  recommended  the  directors  to  pc 

as  much  as  £100,000  sterling  if  it  could  not  be  obtained  for  a  smaller  sum.     Tl 

amount  actually  paid  was,  I  believe,  about  £40,000  Halifax  currency.     The  con 

pany  had  previous  to  this  completed  its  organisation  and  obtained  a  charter,  bi 

after  the  purchase  of  this  property  the  stock  was  raised  from  40.000  to  60,000  aluun 

ol'  £5  currency  each,  and  the  whole  energies  and  means  of  the  company  were  ther 

after  concenti^ated  on  the  Bruce  mines.     1  n  the  three  following  years,  1848-49-5' 

work  at  the  mines,  both  underground  and  upon  the  surface,  was  prosecuted  wh 

great  vigor.     Dwelling  houses  sufficient  to  accommodate  several  hundred  person 

with  otHces,  stores,  warehouses,  wharves,  etc. ,  suitable  for  mining  on  a  very  exte: 

sive  scale,  were  built;  a  po  werful  engine  and  ore  dressing  machinery  put  in  place,  az 

large  copper-smelting  and  refining  works  erected.     Shafts  had  been  sunk,  leve 

driven,  and  a  large  (quantity  of  ground  stoped,  the  ore  or  produce  of   which  was  f< 

the  most  part  lying  at  the  surface  at  midsummer,  1850.     A  great  sum  of  money  he 

been  spent  and  no  returns  as  yet  obtained  in  a  tangible  form  or  shape  from  tl 

mine.     The  ore,  estimated  to  contain  (U  per  cent,  copper  as  it  came  from  the  mill' 

owing  to  the  expense  of  transport,  was  not  marketable  until  dressed  or  separate 

from  a  portion  at  least  of  the  rock  with  which  it  was  intermixed.     In  order  to  c 

this  a  powerful  engine  and  suitable  machinery  were  necessary.     These  had  arrive 

at  the  mines  from  England,  together  with  &i\  engineering  expert,  in  the  fall  of  184J 

This  man  very  imprudently  built  an  engine  house  of  .rough  or  imperfectly  hew 

stone  in  the  winter,  iuid  before  spring  most  of  the  machinery  was  in  place.     Hi 

consequence  was  that  as  soon  as  the  spring  thaw  set  in  this  large  and  costly  buildin; 

fell  down.     This  misfortune,  and  a  severe  visitation  of  cholera  in  1849,  delayed  th' 

completion  of  the  ore  dressing  machinery  and  the  possibility  of  obtaining  reluro 

until  the  summer  of  1850.    The  company  had  now  arrived  at  what  may  be  regardo 

as  the  most  critical  period  of  its  existence.    The  stockholders  had  been  led  to  beUev^ 

that  the  veins  were  extraordinarily  rich,  and  that  there  was  sufiicient  rough  or 

already  mined  and  at  the  surface  to  yield  when  cleaned  some  5,000  tons  of  dressei 

ore,  worth  at  least  ^200,000  or  8250,000  net.     The  opinions,  estimates  and  report 

uptm   which  these  sanguine '  beliefs  rested  were,  now  that  both  the  ore  die«8in{ 

machinery  and  smelting  works  liad  been  completed,  to  be  tested  by  practical  resulti 

In  order  that  nothing  might  be  wanting  to  ensure  success,  the  president  of  the  com 

pany,  the  late  Hon.  James  Ferrier,  went  to  England  and  brought  oiit  a  minioi 

captain,  a  copper  refiner  and  three  furnace  men.     He  also  selected  a  gentleman  fo 

manager  so  highly  recommended  that  the  board  of  directors   made  an  agreemen 

with  him  for  five  years.     Notwitlistanding  all  these  precautions  the  result  of  th 

following  year's  operations  were  a  sad  disappointment  to  all  concerned.     The  or 

dressing  machinery  was  found  to  be  incapable  of  crushing  and  cleaning  properl 

more  than  one-half  the  c|uantity  of  ore  the  engineers  had  said  it  would  do.    The  or 

on  the  surface  was  found  to  yield  when  dressed  little  more  than  half  the  quantit 

and  value  that  it  had  been  estimated  at,  and  the  smelting  of  the  ore  by  the  VVeli 

process  had  proved  a  complete  failure.    Under  these  circumstances  the  anger  of  tli 

unfortunate  stockholders  would  seem  to  have  fallen  on  their  officers,  all  of  who 

either  resigned  or  were  dismissed  the  following  year,  1851.     In  1852  I  was  myie 

api)ointed  manager  of  the  Bruce  mines.     The  mining  captains  still  continued  1 

report  that  the  stopes  were  producing  from  two  to  three  and  in  some  instances  foi 

tons  of   15  per  cent,  copper  ore  [)er  fathom.   .  Careful   comparison   of  the  tot 

quantity  of  ground  stoped  or  otherwise  excavated,  with  the  number  of  cons  < 

dressed  or  marketable  ore  actually  obtained  therefrom,  convinced  me  that  the  veu 

had  not  upon  an  average  yielded  more  than  one  and  a  half  tons  of  15  per  cen 

copper  ore  per  fathom.     Hitherto  the  miners  had  worked  under  what  is  known 

Cornwall  as  the  ^*  tut- work  "  system.      Under  this  system  they  are  paid  accoidii 

to  the  quantity  of  ground  cut,  but  have  no  interest  whatever  in  the  ore.    The  oth 

system  is  that  under  which  the  miners  are  paid  so  much  a  ton  of  the  dressed  oi 

In  Cornwall  it  is  called  working  on  tribute,  and  the  system  under  other  names  m 

with  modifications  is  adopted  in  many  mines  elsewhere.     The  '*  tributer  "  is  deei 

concerned  in  the  richness  of  the  veins  ;  and  while  it  is  his  interest  in  common  wi 
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Yob  employer  to  avoid  all  waste  of  ore,  it  is  not  hia  interest  unnecessarily  to  excavate 
or  atope  away  the  wall  rock  or  barren  and  unproductive  portions  of  the  vein.     This 
tyatem  I  detennined,  if  poasible,  to   introduce.      The  miners   were  accordingly 
mend  pricea  which  would  have  enabled  them  to  have  earned  considerably  higher 
wages  than  under  the  former  or  tut- work  system  if  the  estimates  and  reports  of  the 
mining  captains  in  reference  to  the  productiveness  of  the  various  stopes  or  pitches 
had  not  been  excessive.     All  except  a  few  refused  to  take  bargains  on  the  tenus 
offered,  and  many  left  the  mine  rather  than  do  so,  most  of  them  asserting  that  the 
estimates  in  question  were  too  sanguine,  if  not  greatly  exaggerated.     Some  twenty 
minera,  however,  consented  to  take  contracts  in  the  richer  |)ortions  of  tlie  veins 
noder  a  modifieil  form  of  the  tribute  system,  at  prices  basid  upon  our  own  estimates. 
By  thus  reducing  the  mining  exftenditure  within  narrow  and  safe  limits,  and  at  the 
tune  time  keeping  the  ore  dressing  machinery  fully  employed  cleaning  up  tlie  poor 
oreaand  waste,  of  which  there  was  a  considcirbletjuantity,  especially  in  the  form  of 
akimpings  or  skimmings  thrown  off  in  the  process  of  jig^ingt  it  appeared  to  me  quite 
faaaible  to  make  returns  which  would  for  several  years  at  least  exceed  the  expen- 
diture.   This  policy  I  concluded  to  carry  out  with  tlie  approbation  of  the  president, 
then  Mr.  Hugh  Allan,  hop  ng  that  in  the  metuitiinesome  improvement  in  the  mine, 
uicreaae  in  the  price  of  copper,  or  reduction  in  the  cost  of  producing  and  transport- 
in-j  the  ores  to  market,  might  enable  us  to  render  a  favorable  balance  permanent. 
^Expectations  were  so  far  realised  that  in  1853  the  directors  felt  justified  in  declar-  ^^oSiSu*" 
ingaamiU  dividend,  followed  by  a  larger  one  in  1854.     In  this  the  board,  as  after-  method. 
vaida  appeared,  acted  precipitately,  being  moved  thereto  rather  by  what  was  ho|)ed 
for  and  expected  than  by  wliat  had  been  really  accomplished.    I  was  myself  sanguine 
^t   the    returns    in    these     first     years    of    my     management    would    exceed 
^    expenditure,    and     although    1    did    not    tulvise     that     step,  my    reports 
OAi'    unintentionally    h%ve    led    in    some    measure    to    its    being    taken.       In 
1663  and   1854   the   price  of  copper   was  exceedingly  high,  and   I   was  strongly 
Qiged  by  the  president  to  increase    the     output    of    the    mine    to    its    utmost 
c>pacity.     To    do    this    we    were    obliged    to    resort    to    the    tut-work    system 
jjnin,  as   a  limited   number  of   miners  only  were  willing  to   work   on  tribute. 
^  result  was  again  most  unsatisfactory,  and  a  serious  loss  was  susftained  in  1854  A  reverse  of 
•nd  1855.     This  loss  was  owing  to  the  necessity  we  were  under  of  working  the  i>oorer  'ortune. 
ftope!<,  and  to  the  very  high  wa^^es  we  were  obliged  to  pay  both  miners  and  laborers 
i&  oonsequence  of  the  demand  for  men  not  only  at  the  mines  on  the  south  shore 
of  lake  Superior  but  at  Sault  Ste.  Marie,  where  the  canal  was  at  that  time  under 
oonatmction.     It  was  however  greatly  a<;gravated  by  the  total  loss  of  the  company's 
steamer  late  in  the  fall  of  1H54,  with  nearly  all  the  materials  and  machinery  required 
for  mining  and  ore  dressing  operations  during  the  winter — a  loss  which  could  not  be 
My  replaced  before  the  followin«;  summer.     It  may  be  proi)er  to  mention  that  in 
1863  I  began  to  fear  that  the  veins  were  becoming  {M>orer,  and  that  if   they  fell  off 
pnerall>  as  much  as  they  had  done  in  .several  of  the  deeper  shafts  they  would  s<K>n 
hecome  unworkable.     These  opinions  were  represented  to  the  president,  and  I  urged 
him  repeatedly  in  the  interest  of  the  stockholders  to  sell  the  mine  if  anything  like 
A  reasonable  offer  could  be  obtained  for  it.     This  at  length  he  attempted  to  do,  but 
Reprice  asked  was  so  high  that  no  one  would  evon  look  at  it.     It  was  {perhaps  in 
ttticipation  of  being  placed  in  a  better  position  to  di>pose  of  the  mines  on  good 
^onnathat  the  president  was  led  to  advise  the  [jayinent  of  a  dividend  in  1854.     In  J^^  f'2£?'i 
^<:aoinmerof  1855  the  tribute  system  wtis  again  adopted  and  the  mining  operations  the  West 
on  a  limited  scale  were  thus  carried  on  without  much  loss  I  think  till  about  l>j64  or  Canaa* 
1^,  when  the  whole  location  was  sold  to  the  West  Canarla  mining  conq>an\*,  who  ^'^""P*"^' 
had  for  ten  years  runted  the  western  portinnof  it.     In  1870  the  Montreal  co'mjiany  ^j^nyseSs 
^Idtbe  whole  of  their  immense  bike  Superior  projierty,  inclusive  of   Silver  islet,  iu  lake  Superior 
"Hiis  unlucky  sale  was,  I  believe,  brought  ab'jut  partly  in  tlie  fear  that  the  silver  ore,  property. 
of  the  existence  of  which  they  were  fully  aware,  was  a  superficial  or  surface  show 
only  and  would  not  go  down   to  any  considenible  depth,  and  parti}-  in  the  belief 
that  situated  as  the  vein  was  below  the  water  of  lake  S  i]ierior  it  would  be  exceed- 
ingly difficult  if  not  impossible  to  work  it,  and  that  at  any  rate  a  large  sum  would 
have  to  be  raised  and  exjiended  and  might  pi)ssibly  be  lost  ;  in  addition  to  which 
^hejrwere  threatened  with  law  suits  in  regard  to  their  title.     Still  if  the  patience 
and  the  means  of  the  com|>any  had  not  been  exhau.sted  by  twenty  years  of  unsuc- 
Cdtfol  effort  at  Bruce  Mines  they  would   undoubte<lly  I  think  have  retained  and 
worked  Silver  islet  and  been,  if  the  re{x>rt8  of  the  working  of  that  mine  are  to  be 
credited,  amply  compensated  for  their  previous  losses  and  disappointments.    In  view  silrsr  islet, 
of  the  fact  that  its  directorate  has  included  many  of  the  slirewdest  and  most  upright 
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Causes  of  failure. 


Deterioration 
of  the  veins 
below  the 
surface. 


The  Wellinj^on 
mine. 


The  West 
Canada  minini; 
company. 


and  hoDorable  merchants  and  professional  men  in  the  city  of  Montreal,  and  thi 
its  officers  have  been  men  of  at  least  average  intelligence  and  experience,  resulti  n 
disantrous  to  the  stockholders  and  discouraging  to  others  call  for  explanation. 
There  are  several  reasons  why,  in  my  opinion,  the  Bruce  mines  failed  to  realise  the 
sanguine  expectations  of  the  company.  The  veins  on  the  surface  were  laige  aod 
showy,  containing  more  or  less  of  the  rich  grey  and  purple  ores  of  copper  in  additicn 
to  the  common  yellow  ore.  The  gangue  of  the  veins  throughout  which  the  ore  wii 
distributed  was  a  pure  white  quartz,  and  the  whole  doubtless  presented  a  veir  fine 
appf  arance.  Captain  Roberts  on  first  seeing  the  location  reported  as  folloin: 
*'  This  vast  deposit  of  copper  ore  at  the  outcrop  of  the  veins  is  incalculable  and 
almost  unparalleled.  It  exceeds  anything  I  have  seen  or  heard  of  in  Europe." 
Whether  from  a  failure  in  the  richness  or  in  the  quantity  of  the  ore,  or  in  both,  Wd 
find  that  Captain  Roberts  one  year  later  had  modified  or  changed  his  opinioni. 
There  is  no  doubt  that  the  rich  grey  and  horseflesh  ores  gave  place  to  the  poorer 
yellow  ore  at  a  >  ery  insignificant  depth,  and  it  is  probable  even  that  in  this  eiioit 
time  the  veins  in  some  of  the  stopes  had  become  less  productive.  A  very  careful 
examination  of  the  m^no  by  the  late  Sir  William  Logan  at  this  time  (1848)  went  to 
show  however  that  tlie  veins  were  still  so  rich  that  on  the  assumption  that  then 
was  no  further  falling  off  in  their  productiveness,  and  that  all  the  copper  could  be 
obtained  in  a  marketable  condition,  a  large  profit  might  in  his  opinion  etill  be 
realised  from  the  mines.  But  it  was  in  these  very  assumptions  that  the  ctad 
obstacles  to  the  roali'tation  of  the  profit  lay.  So  intimately  blended  was  the  on 
with  the  matrix  of  the  veins,  and  so  inconsiderable  the  difference  of  specific  gra?ity» 
that  by  no  ore-dressing  macliinery  or  process  of  separation  by  water  then  kn^wii 
was  it  practicable  to  obtain  in  a  marketable  state  anything  like  all  the  copper 
contained  in  the  r<»ugh  ore  or  vein  stuff  as  brought  from  the  mine.  In  att  mptm; 
to  dress  the  ore  to  yield  15  per  ce  t.  of  copper  or  upwards,  not  less  than  two-fiftbi 
of  it  I  believe  was  lost  in  t.'ie  deads  or  skimmings  and  in  the  slimes.  Again  ii 
regards  the  deterioration  of  the  veins,  there  can  be  no  (question  whatever  thit  tto 
became  poorer  and  less  productive  in  depth,  and  that  at  a  relatively  shallow  depiu 
as  compared  with  veins  in  other  mining  cou  itries  they  ran  out  or  became  so  pool 
as  to  be  no  longer  worth  following.  Very  little  work  has  really  been  done  below 
the  3')-fathom  level  and  the  deepent  shaft  at  the  Bruce  mines  was  only  about  fiO 
f  itUoms.  Thus  without  attributing  to  the  managers  and  other  officers  of  tiie 
company  either  incompetence  or  deliberate  misrepresentation,  we  find  in  these  two 
facts,  uaiuelv-,  (1)  the  failure  of  the  veins  or  lodes  in  depth,  and  (2)  the  impoeei- 
bility  of  obtaining  in  a  marketable  form  m'lch  more  than  three-fifths  of  the  copper 
actually  contninud  in  ttie  veins,  ^ufficient  explanation  of  the  almost  unbniet 
succession  o  over-aan«;uine  i*epoi*ts  and  estmiates  on  the  one  hand  and  of  disappointed 
ho])e:}  and  expoctations  on  the  other.  In  1853  Mr.  Sampson  Vivian,  a  miner  of 
Cornwall,  England,  who  ha  l^pent  some  years  in  the  United  States,  obtained  froD 
the  Montrea!  mining  company  at  a  ro^^alty  of  one-twentieth  of  the  dre88e<i  ores 
fourteen  years  Iohso  of  the  western  jwii-tof  the  Bruce  Min  s  location.  Several  veine 
had  alrea<ly  been  discovered,  and  some  little  mining  done  by  the  Montreal oomptii7» 
but  the  ore  produc'cd  being  poorer  tiian  tliat  got  in  the  eastern  part  of  the  looetioB 
they  had  nt^t  been  worked  for  sevend  years.  It  was  doubtless  under  th^f  impnWtt 
thit  the  Bruce  mines  had  been  ho  named  in  honor  of  the  Sc  ittish  patriot,  inetoed 
of  tlie  Earl  of  Elgin,  at  that  time  Governor-General  of  Canada,  that  Captoin 
Vivian  called  his  ininv3  the  Wellington  mine.  The  ensuing  .\eai'  the  loase  wai 
assigned  to  an  English  company  which  he  had  succeeded  in  forming.  It  assuoed 
the  name  of  the  West  Cana<la  mining  c  »mpany,  and  the  general  management  Wii 
enti-uste<l  Uj  the  well  known  firm  of  John  Taylor  <&  S<ms,  of  London.  Had  tke 
comi)any's  operations  been  confined  to  the  lodes  or  veins  of  the  existence  of  vbieh 
they  were  aware  when  they  commenced,  I  am  persuaded  that  they  would  soon  hsve 
abandoned  the  enterprise.  It  was  not  very  long  after  they  had  started,  however 
when  a  teamster,  named  Geor;^'^  Clarke  1  think,  in  searchin.;  for  strayed  cattk 
accidentally  stumbled  •  n  a  vein  previously  unknown.  A  rece  t  b  tsh  fire  bsc 
burned  off  the  moss  and  vegetable  matter,  and  left  the  lode  exposed  at  one  or  twi 
points  where  it  had  previously  been  hidden  from  view.  When  uncorered  or  stripped 
this  vein  and  another  with  which  it  formed  a  junction  some  distance  from  where  i 
was  first  discovered  proved  not  only  to  be  much  larger  and  richer  than  those  th 
company  were  then  working,  but  far  better  than  those  at  the  Bruce  mines  whio 
the  Montreal  company  ha  i  retained  in  their  own  hands.  As  the  uncoveriug  of  tk 
veins  was  proceeded  with  it  became  evident  to  the  managersof  the  West  Canada  miniii 
company  that  they  would,  if  they  kept  their  course,  crosi  the  weetera  bouadarj 
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They,  accordingly,  very  judiciously  secured  a  lease  of  the  adjoining  Huron  Coppor- 

liiy  location.     I  can  only  say  generally  in  regard  to  this  enterprising  company's  The  Copper-bay 

operations  that  they  were,  bo  far  as  I  had  an  opportunity  of  judging,  carried  on  in  a  ^^^^^!f|? 

ninerlike  manner  ;  such  engines,  machinery    anci  ore-dressing  apparatus  as  the 

luge  experience  of  the  London  managers  sui^gested  as  being  calculated  to  ensure 

foeeesafal  results  were  sent  out  and  erected  at  the  mines.     So  great  were  the 

^Ufficolties,  and  so  heavy  was  the  cost  of  starting  and  opening  up  the  mines,  that 

notwitiistanding  the  richness  of  the  veins  no  dividends  were,  I  believe,  declared  for 

ftefint  six  or  seven  years.     In  the  next  seven  years,  however,  under  the  energetic 

-and  judicious  management  of  their  local  agents,  Mr.  James  Bennett  and  Captain 

l^lhain  Plummer,  several  dividends  amounting  in  the  aggregate  to  a  large  sum 

lerejpaid  to  the  shareholders.     In  view  of  the  early  termination  of  their  lease  of 

the  Wellington  4nine  the  company  in  1864  or  1865  purchased  the  whole  location, 

indading  the  Bruce  mines,  from  the  Montreal  mining  company.     The  same  diffi- 

mHms  which  had  been  found  insurmountable  by  the  Montreal  mining  company  and 

iti  managers,  and  under  which  they  liad  been  obliged  to  succumb,  to«^etner  with 

lower  prices  for  copper,  began  to  tell  with  increasing  severity  on  the  West  Canada 

company ;  and  in  1867  or  1868  it  would  appear  that  the  results  had  not  been 

tiAiibctory,  for  at  that  period  Mr.  Jolin  Taylor,  jr.,  of  London,  was  sent  out  to 

'flninine  and  report  on  the  property.     He  spent  six  weeks  at  the  mines  and  his 

npMt,  which  was  rendered  on  the  12th  of  September,  1868,  is  remarkable  not 

aerely  for  its  ability,  but  for  its  general  faimei^s.     Mr.  Taylor  clearly  apprehended 

the  chief  obstacles  to  the  profitable  working  of  the  mines  when  he  says:  '*  It  is  p^JJJbie*^ 

tvident  that  the  three  main  points  you  have  now  to  contend  with  are,  (1)  the  very  workiDg. 

heavy  cost  of  dressing ;  (2)  the  great  loss  of  copper  under  the  present  system  of 

vuhing ;  and  (3)  the  high  rate  of  freight  from  the  mines  home  to  England. "     He 

■■de  two  sugestions  calculated  in  his  o])inion  to  reduce  the  expenses  and  economise 

the  waste  of  copper.     These  were,  (1)  to  smelt  the  ore  on  the  spot,    (2)  to  reduce 

Ihe  copper  by  what  is  commonly  known  as  the  salt  process.     He  himself  favored 

neltinff,  but  as  in  both  the  copper  would  bo  obtained  in  a  metallic  state,  he  esti- 

Mted  &e  saving  in  the  item  of  freight  alone  would  nut  be  less  than  £7,000  or 

£8,0(X)  sterling  per  annum.     In  additicm,  however,  to  the  three  points  specially 

imtioned,  another  circumstance  only  slightly  alluded  to  in  Mr.   Taylor's  report 

Met  have    begun   before   this   time    to    exercise   an    adverse   influence    on  the 

letonis  from  the  mine.     No  one  who  saw  the  size  or  richness  of   the  veins  at  or 

seer  the  surface  in  1855-56  could  fail  to  perceive,  on  ])erusing  that  part  of  the  report 

M6A  describes  their  ap[>earance  in  the  bottom  of  the  various  shafts  and  stopes  in 

IMS,  that  there  had  been  a  great  falling  off  both  in  the  size  and  the  richness  of  the 

Vttiuat  the  depth  of  40  or5i)  fathoms.     Mining  operations  continued  to  bo  carried 

^  till  1876,  when  in  consequence  I  [>re8ume  of  the  continued  unsatisfactory  results 

work  was  suspended  and  has  not  since  been   resumed.     During  the  mining  excite- 

lient  of  1846-47  a  number  of  other  h^cations  were  taken  uj>  on  the  north  shore  of 

Wke  Huron.     Among  them  there  was  one  near  the  mouth  of  the  Whitefish  river  on 

^Uich  at  least  one  shaft  had  been  sunk  to  the  depth  of  10  or  15  fathoms,  so  far  as 

leoald  judge  from  the  quantity  of  stufl*  produced,  for  I  did  not  see  it  when  open. 

ft  was  known  as  the  Wallace  mine,  and  owned  by  the  Upper  Canada  mining  com-  The  Wallace 

iMiy.    The  vein  contained  copper  [lyrites  and  ore  of  nickel,  but  not  in  sufiicient  «»*ne. 

^iiatity  apparently  to  justify  further  expenditure.     I  am  inclined  to  think  this 

tonpany  had  a  location  on  Michipicoteu  island,  where  considerable  work  was  done 

^  a  vein  of  native  copper.     Some  mining  was  done  at  the  Emerald  mine  on  the  The  Emerald 

Baokin  location,  near  Sault  Ste.  Marie.    The  ore  was  the  yellow  ore  of  copper,  and  ™'n®- 

ft  such  quantity  that  had  it  been  solid,  and  not  so  dispersed  throughout  the  gangue 

^tfce  vein,  it  would  probably  have  received  a  mori'  thorough  trial.     Several  locations  {.-^^^j^J*  *^" 

ten  ah  » taken  up  by  the  late  Mr.  Killaly  and  others  near  Echo  lake,  on  which  there 

voe  good  sized  veins.     On  two  of  these  slmts  were  sunk,  but  which  I  think  did 

lot  exceed  five  fathoms.     It  was  the  yellow  ore  in  a  gangue  of  white  quartz,  but  so 

ftt  as  I  can  recollect  it  would  not  yield  more  than  2  per  cent,  of  copper.     Some 

vodk  was  also  done  at  the  Begley  mine  on  the  north  side  of   Batchawana  bay, 

VlMre  thd  yellow  ore  of  copper  was  found  in  good  quantity  but  of  low  gnide.     At 

Bone  of  these  mines,  so  far  as  known  to  me,  was  any  copper  dressed  and  sent  to 

DHrket.     The  Quebec  mining  com^iany  was  a  b<ytuifide  Canadian  company,  organised 

liMwt  the  same  time  as  the  Montreal  mining  company.     The  locations  of  this  com-  The  Quebec 

wof  were  all  situated  on  the  north  shore  of  lake  Superior,  and  on  Michipicoteu  ^^^^  , 

rind,  at  Point  aox  Mines  or  Mica  bay.     Misled  by  surface  appearances,  and  to  ^^t^^md 

■f  the  leest  by  the  imprudent  advice  of   their  manager,  they  appear  to  have  (aiiore. 

7  (m.  c.) 
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comineiicetl     operations    with     great     spirit,    or    rjither     recklessness  ;    a    lai^c 
nuinbor    of    substantial    and    comfortable    dwellings    for    officers  and  men,  and 
other  buildings  such  as  storehouses,  ollices,  blacksmiths'  and  car])enters'  shops  were 
erected  ;  a  good  (overshot  water  wheel  and  ore  dressing  raachinerj'  were  also  put 
up  ;  and  to  complete  all  one  or  two  copi)«r  HUiolting  furnaces  were  built.     From 
the  large  force  emj>loyed  at  the  mine  I  should  think  that  a  good  deal  had  been  done 
undergrcMind  as  well  a<  on  the  surface,  in  the  iwo  or  three  years  during  which  it 
was  worked.     In  tlie  fall  of  1849  the  mine  was  tiiken  ]>osses8ion  of  for  a  short  time 
by  the  Indians,  who  were  dissatisfied  because  a  treaty  had  not  been  made  with  them 
for  the  surrender  of  their  rights  ;  but  a  treaty  was  concluded  in  the  following  year, 
and  no  further  trouble  was  occ:v*iuiic<l   by  them.     About  this  time  the  couijiany 
trie  \  to  sell  the  mihe  in  England,  and  an  expert  was  sent  out  to  examine  it.    He 
reported,  I  have  betn  told,  inifavorably.      At  all  event'*  the  mine  was  not  sold,  and 
in  18-30  or  ISol  operations  wore  3usi>ended  an<l  have  not  since  been  resumed.    The 
Quebec  company  must  have  expended  more-  than  .^100,000,  and  I  have  heanl  that 
only  enough  ore  was  got  out  to  make  three  or  four  tons  of  copper.     It  is  probable 
that  there  might  be  more  or  less  poor  ore  that  would  not  pay  the  expense  of  dressing 
and  smelting.     Be  this  as  it  may,  for  I  only  speak  fr«)m  hearsay  in  regard  to  operation* 
prior  to  lvS5i,  the  returns  obtained  from  the  mine  were  unquestionabl}' ver\' sraalL 
Some  work  was  dcme,  I  believe,  on  Michipicoten  inland,  but  the  result  was  not 
Prince's  Bay  lo-  encouraging  and  operations  were  abandoned  there  also.     About  the  same  time  a 
cation.  company  called  the  British  North  American,  I  think,  di  1  some  mining  at  Prince* 

bay.  The  object  of  their  search  was  also  copper,  but  I  was  told  by  some  of  the 
miners  who  had  workei'  there  that  it  appeared  to  then^  more  promising  for  silver 
Point  Mamaiiise  than  Copper.  It  also  was  aband(med  about  the  year  1850.  I  omitted  to  mention 
locailon  k»ste<i.  that  in  185G-57  the  Montreal  Mining  Co.,  on  my  reconnnendation,  made  a  cautioo* 
trial  of  their  location  at  point  Mamainse,  on  tiio  north  shore  of  lake  Superior.  The 
veins  so  far  as  discovered  were  lU'ither  large,  regular,  nor  well  defined,  but  the  dis- 
play of  ore  on  the  surface  was  tempting,  consisting  as  it  did  of  native  copper,  grey 
and  yellow  ores  of  copper  and  galena  or  lead  ore.  In  this  last  there  was  some 
twelve  ounces  or  more  of  silver  t;*  the  ton,  and  native  silver  was  found  associated 
with  the  native  copper.  As  little  as  possible  was  spent  on  the  surface,  pending  the 
result  of  tlie  conteuijilater]  mining  operations.  Considerable  costeaning  was  done 
and  five  shafts  were  -lunk  to  depths  varying  from  14  to  r>0  feet  on  the  most  promis- 
ing veins.  From  one  shaft,  which  was  sunk  at  a  point  where  there  had  been  *n 
Indian  digging,  about  1,400  lb.  of  native  coj^per  was  obtained.  The  largest  piec« 
weighed  nearly  600  11).,  the  biggest  mass  that  had  been  got  on  the  north  shore 
up  to  that  time,  if  not  since.  The  vein,  from  the  first  small  and  without  regular 
Wills,  ran  out  alnu»st  entirely  at  the  depth  of  10  fathoms,  and  as  it  was  costing  nearly 
$200  a  fathom  to  sink  the  shaft  it  was  stopped  at  that  point.  Three  other  shafts 
were  sunk  on  different  veins  on  the  same  trap  range  as  that  which  produced  the 
native  copper,  but  only  grey  and  yellow  copper  ores  were  got,  and  these  not  insum- 
cient  quantities  to  i)ay,  even  ha  1  there  been  ore  dressing  machinery  on  the  8|)ot- 
The  fifth  shaft  was  on  a  native  copi)er  vein  on  another  range  of  trap  some  150  fathom* 
to  the  cjxst  of  that  last  mentioned — a  strong  bed  of  conglomerate  being  interjKwe^ 
between  them.  It  pr.Kluced  at  first  some  nice  pieces  of  native  copjwr,  but  at  2^ 
feet  in  de])th  the  vein  was  barren  of  metal,  although  still  ten  inches  in  width  and 
carrying  gor^d  mineral  soils  and  spars.  The  vein  of  silvor-le:ul  was  too  small  to  war- 
rant the  expense  of  sinking  more  than  a  few  feet  on  it.  In  view  of  the  company* 
financial  condition,  and  of  the  fact  that  a  large  sum  would  bo  necessary  to  thoroughly 
test  the  mine  without  assured  profitable  results,  opt* rations  were  suspended  in  li^' > 
the  amount  thus  expended  being  about  $5,0()0.  I  am  under  the  imj>ressionthatth^ 
Silver  Islet  company  have,  since  their  ac(iuisition  of  the  Mimtreal  Mining  Co,  • 
lake  Superior  property,  done  some  work  t>n  this  location,  but  with  what  results  I  ai^ 

Mining  at  cape  m^j^i^j^j  to  say.     Two  English  companies  have  engaged  in  copper  mining  on  tb^ 
Mamainse  and      """  j  o.  '^  .    i    i  ^^  r     u  _x-       •        -X     i.  J  •* 

Michipicoten       north  shore  at  a  comparatively  recent  date.     (.)ne  of  these  properties  is  situated  a* 

island.  aipe  Mamainse,  ui)on  a  locatit)n  inunediately  adjoining  that  I  have  just  described- 

The  other  is  on  the  island  of  Michipicoten.  A  large  sunn  of  money  has  been,  1 
believe,  spent  on  both  mines,  but  especially  upon  that  at  Mamainse.  The  ship' 
ments  of  copper  have  been  relatively  insignificant      That  the  results  have  beea 

Sudburj'.  unsatisfactory,  to  the  shareholders  at  least,  may  be  inferred  from  the  circunistanoe 

that  at  both  these  mines  operations  have  now  been  suspended.  Of  the  copper  mines 
at  Sudbury  1  am  unable  to  say  anything  as  T  have  not  seen  or  examined  them.  This 
history  of  copper  mining  on  lakes  Superior  and  Huron  really  includes  all  or  nearly 
all  that  has  been  done  in  the  province.     At  least  I  am  not  aware  of  any  other  part 
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of  Ontario  where  copper  mining  has  been  caiTied  on  to  any  ext^jnt  worth  mention- 
ing.    That  these  enterprises  have  ahuost  without  excei>tion  resulted  disiistrously  A  history  of 
cannot  be  denied,  however  conflictin*;  may  be  the  reasons  given  by  different  parties  '*^'"'®*- 
before  the  Comission.     Nor  can  it  be  denied  that  it  woukl  have  been  very  Inuch 
better  for  the  stockhohlei-s  in  the  various  mines  if  the  three  million  dollars  worth 
of  copper  obtained  therefrom  had  still  remained  buried  in  the  boweU  of  the  earth, 
and  the  four  or  five  millions  worth  of  gold  or  its  e<|uivalent  expended  in  searching 
for  and  mining  this  copper  had  romaiue<l  in  thuii'  p(»ckets.     Other  parties  may  have 
benetited,  but  the  men,  for  the  most  part   Canadians,  who  furnished   the  capital 
clearly  have  not.     But  should  anyone  infer  fr^m  the  uniformly  disastrotis  results  of 
these  premature  mining  operations  that  the  mineral  resources  of  Ontario  so  far  as  But  no  cause  for 
copper  is  concerned  are  luiimportant,  if  nor  worthless,  I  must  beg  decidedly  to  difler       "ouratfenient 
from  him.     In  the  district  of  Algonia,  from  tht;  nioutli  of  French  river  on  lake  Hur(»n 
to  Pigeon  river  on  lake  Superior,  uj>wards  of  400  miles  in  a  straight  line  and  nearly 
double  that  distance  following  the  sinu(»8ities  of  the  coast,  and  from  thence  north- 
ward to  the  height  of  laud,  there  is  I  believe  no  considerable  area  in  which  copper-  , 
bearing  r(»cks  do  not  occur.     All  along  the  coast,  wherever  these  rocks  are  exposed 
to  view,  strings  or  veins  ciiriying  more  or  less  co[)per  may  be  found  at  short  inter- 
val*.    Kast  of  Goulais  bay  the  copper,  so  far  as  my  exj>erience  enables  me  to  sjieak, 
is  always  found  in  the  form  of  sul[)hunit3,  chiefly  copper  pyrites,  connuonly  known 
as  the  yellow  ore.     West  of  (xoulais  biy  Wt?  tin<l  the  same  ores,  together  witli  more 
or  less  native  cop[>er.     On  almost  every  considerable  lake  in  the  interior  indications 
of  coppc  r  may  be  seen  if  the  copi>er-bearing  rocks  on  the  .shores  be  examined  care- 
fully,    and    not  unfrequently  giM)d  sized  veins  are  met  with  which  under  more 
favorable  conditio  -s   would  be  C()iLsidered  if  no*;  rich  at  any  rate  worthy  of  trial. 
Supposing  this  belt  in  which  copper-bearing  rocks  at  least  predominate  to  be  no  Extent  of  the 
more  than  50  miles  wide,  we  have  an  area  of  20,000  s«{uare  miles  of  what  may  be  copper-bearing 
termed  cop|>er-bearing  country  in  the  district  of  Algoma  alone.      It  is  true  tlmt  many  ^^""^'^'• 
of  the  strings  t»r  veins  are  small  and  irrevrul.>r,  and  contain  s<»  little  copper  as  to  be 
unworthy  of  attention,  that  many  in  which  the  appearance  at  the  surface  is  promis- 
ing fail  at  a  trifling  de[>th,  and  that  even  thost^  veins  Avhich  have  been   the  largest, 
niostreguLir  and  the  richest  in  copper  at  .md  near  t]iet»utcrop  have  fallen  )lf  greatly 
both  in  size  and  regularity,  as  well  as  in  the  (juantity  and  (juality  of  the  (»re  at  a 
depth  of  from  two  to  three  hundre<l  feet.      Nevertheless  we  are  ctjnfronted   l)y  the 
fact  that  a  small  strip  of  this  c*>i)per-l>taring  country,  two  miles  in  length  by  about 
bidf  a  mile  in  breadth,  i»r  one  s«juare  mile  ni  all,  has  actually  ])roduced  between 
40,000  and  50,<XlO  tons  <.»f  dresse^l  copper  ore,  worth  in  the  Knglish  market  between 
two-and-a-half  and  three  million  d»»Hars.     Nor  are  the  mines  on  this  single  section 
of  land,  though  of  course  jmorer,  by  any  means  im  3et  nearly  exhausted.      It  is  not 
pretended  that  deposits  such  as  tht>se  at  the  Bruce  mines,  the  Wellington  mines  and 
ttSuilbury  are  to  be  found  everywhere  in  this   mineral  belt,  iior  in  view  of  the  probability  of 
Wrteut  and  depth  of   the  loose  material  under   which  the   veins  aie  in  most  j)arts  nirtbcr  discove- 
entirely  hidden  can  it  be  expected  that  such  discoveries  will  be  of  very  fre<iuent  "^^^^J"^J*/ JJj^/j , 
occurrence  ;  but  it  is  sjife  to  as.<-ert  that  in  all  human  probability  a  great  number  of  umicr  more  fa- 
such  veins  <)r  deposits  «»f  cop]»er  ore  do  exist   in  this  belt  unite   as  rich  as,  if  not  \«'**'^le  condi- 
ncli»»r  than,  any  <^f  those  already  discover».-d.  and   that  fn^m  time  to  time  as  the 
country  is  settled  many  of  them  will  be  found,  aceidentally  or  otherwise.      I  hold 
therefore  that  this  field  ••f  the  mineral  resources  of  Ontario  is  imniensely  important 
»nd  valuaVde  :  where  so  nnich  cjpp'.-r  in  «[uantity  and  value  has  been  «»btained  from 
such  a  limited  area,  how  much  may  not  be  rea.sorjably  exin.'Cted  from  the  whole  of 
thiB  copi>er- bearing  ]>elt.      It  may    l)e   .*viid,  and    with  some  sht»w   of   reason,  that 
Panting  many  millions  of  tons  of  c«'pper  (»re  may  be  contained  in  the  riteks  of  this 
uuneralbelt,  of  what  possible  importance  or  value  «"in  it  be  to  the  provim.ti  if   it  is 
•0  tlistributed  and  the  diiHcidty  and   expense  of  mining  be  so  great   that   when 
obtained  the  c«-»8t  of  getting  the  c«»pper  shall  l)e  ft»und  U)  have  exceede*!  its  value. 
^ow  although  in  a  sense  this   may  ami  dou}»tless  does  hold  good  in  regard  to  the 
present  value  of  the  copper  in  this  belt,  the  prospective  value  to  the  pro\  inee  may 
nevertheless  be  verj*  great.      Were  we  compelled  to  mine,  dress  and  send  to  market 
tHis copper  under  the  unfavorable  conditions  which  have  hitherto  prevailed  in  tliis 
countr}-,  experience  luis  demonstrated  that  it  could  only  be  done  at   a  loss      But 
Wider  the  m<»re  favoiable  conditions  that  will  surely  t»btain  in  the  future  it  is  mor- 
^y  certain  that  many  of  these  dep*  bits  t>f  cojiper  may  and   will  be  worked  most 
profitably,  and  thus  prove  a  source  of  incalculable  wealth  to  the  province.     In  order 
to  make  this  clear,  let  us  8upi»ose  the  Bruce  and  Wellington  mines  to  have  been 
utuated  in  England,  and  we  shall  see  h(»w  much  more  favorable  the  conditions  would 
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have  been.  The  wages  of  the  miners  and  the  laborers  would  have  been  less  than 
Suppose  the  one-half,  and  the  cost  of  mining  would  have  been  reduced  in  like  proportion.  The 
•Sated ^econom^  ^>^®ssing  of  the  ores,  which  in  England  is  done  almost  entirely  by  young  women  and 
callv,  asin  Eng-  boys/ would  have  not  been  more  than  one-third  of  the  cost  of  that  operation  in 
land.  Canada.     The  expense  of  transportation  to  market  would  not,  I  consider,  have  been 

more  than  one-tenth  of  the  sum  paid  for  the  freight  of  the  ore  from  Bruce  Mines 
to  Liverpool  or  Swansea  ;  in  addition  to  all  which  it  would  not  have  been  necessary 
to  bring  up  the  ores  by  dressing  to  more  than  8  or  9  per  cent,  of  copper  instead  of 
from  15  to  20  per  cent.,  thus  saving  no   only  expenses  but  a  very  large  quantity  of 
copper  unavoidably  lost  in  the  process.     Then  again  machinery  and  all  kind  of  stores 
and  material,  timber  excepted,  would  have  been  very  much  cheaper  in   England. 
From  all  these  circumstances  I  am  convinced  that  had  the  vein  at  the  Bruce  Mines 
and  the  Huron  Copper-bay  locations  or  others  of  the  like  character  and  richness 
been  situated  in  Cornwall,  or  almost  any  other  part  of  Europe,  they  would  unques- 
tionably have  yielded  the  fortunate  owners  very  large  profits.     Now  the  point   I 
wish  to  make  is  this  :    if  our  Canadian  copper  mines  be  such  that  if  situated  in. 
Europe  they  would  have  realised  very  large  profits  and  been  considered  very  valu- 
able, it  necessarily  follows  that  so  soon  as  those  favorable  conditions  arrive  in  Ontario^ 
then  at  all  events  if  not  before  will  copper- mining  in  this  province  become  profit>- 
able,  and  the  vast  deposits  of  that  metal  in  the  copper-bearing  belt  north  and  weati 
of  the  great  lakes  become  in  the  fullest  sense  of  the  tenn  valuable.     The  conditioas 
Conditions  ne-   most  necessary  to  profitable  mining,  whether  in  respect  of  labor,  of  materials  or  of 
^J|"»ry  to  profit-  transportation,  are  being  surely  if  not  rapidly  evolved  in  the  district  in  which  th^o 
*  *  ™    D8r-        mines  are  situated.     No  one  who  has  noted  the  growth  of  the  district  of  Algoma  in 
population  and  otherwise  during  the  last  30  or  40  years  can  fail  to  perceive  tha^ 
fact.     But  on  broader  grounds  I  hold  it  to  be  absolutely  certain  that  sooner  or  latac 
all  the  disabilities  under  which  in  the  past  copper  mining  has  labored  will  be  removed^ 
and  that  this  country  will  stand  in  just  as  good  a  position  as  England  herself  ixi 
regard  to  the  economical  and  profitable  working  of  her  mines.     In  addition  to 
cheaper  labor  than  was  obtainable  on  the  first  opening  up  of  the  country,  much  may 
be  expected  from  the  employment  of  labor  saving  machinery  in  our  mines.     The  uso 
of  rock  drills  worked  by  steam  or  water  power,  the  substitution  of  dynamite  and- 
other  m  »re  ix>werful  explosives  for  gunpK)wder,  the  employment  of  galvanic  batteries 
or  electricity  to  discharge  simultaneously  a  number  of  blasts  so  placed  as  to  product 
the  greatest  possible  effect,  are  all  calculated  to  greatly  diminish  the  cost  of  minings 
even  if  wages  should  remain  the  same.     It  is  p  )ssible  also  that  improvements  may 
be  made  in  the  Hmelting  or  reduction  of  copper  fr  an  its  ores.     In  c  including  my 
remarks  as  to  our  copper  deposits,  L  would  like  to  add  a  word  of  warning  to  tli 
^^      of  warn-  engaged  or  about  to  engage  in  mining  enterprises,  especially  in  districts  where  the 
character  of  the  veins  at  a  considerable  depth  has  not  been  proved.     Not   a  dollar 
beyond  what  ia  absolutely  unavoidable  should  be  expended  on  the  surface,  however 
promising  the  appearance  of  the  outcrop  may  be,  until  one  or  more  shafts  have  been 
sunk  to  a  depth  of  at  least  fif  y  fathoms  and  levels  driven  each  way.     This  is  espe- 
cially necessary  where  form  ^r  exp^^rience  goes  to  show  that  the  veins  frequently 
become  smaller  and  poorer,  if  not  altogether  barren,  at  a  very  trifling  depth.     Sur- 
face expen'liturc  is  utterly  wasted  and  becomes  a  dead  loss  when  the  mine  itself 
fails.     The  fewer  failures,  and  the  greater  number  of  dividend-paying  mines,  the 
more  attractive  will  be  the  industry  to  capitalists. 

William  Flnmmer — I  have  bsen  c  >nnected  with  minint;^  matters  in  the  lake 

Superior  section  for  a  good  many  years.    I  was  engaged  at  the  Bruce  mines.    They 

began  operations  over  thirty  years  ago,  and  continued  for  about  twelve  years.     It 

Bruce  and  Wei-  ^*  twenty-one  years  since  I  left.     There  are  two  mines  there,  the  Bruce  and  the 

linfrton  mines.     Wellington.     Both  are  on  the  same  lode,  but  one  is  farther  west  than  the  other. 

The  Bruce  was  worked  by  the  old  Montreal  company,  and  the  Wellington  by  an 

English  company  and  English  capital,  the  latter  afterwards  ac(]uiring  the  former 

by  purchase.     I  was  sent  from  England  to  manage  the   property.     The   Montreal 

company   first  commenced  operations   in    184S  ;   they   sold   out  to  our   company 

in    1864.     Ours  was  organised,  I  think,  in   1854  or  1855.    When  I    took  charge 

the  shafts  were  only  down  a   few  fathoms,  and  I   put  down  a  dozen.     We  had 

two   principal  veins  upon  the   Wellington   and   three  upon   the   Bruce,   I  think. 

The  course  of  the  veins  was  north-west  and  south-east.     In  some  places  they  were 

3  or  4  feet  wide,  in  others  20  feet ;  greenstone  rock  formed  the  walls  on  both  sides. 

Kxte  t  f  th       "^^^^  ^®^"  matter  was  mostly  quartz.     The  deepest  shaft  was  about  500  feet,  but  some 

ndLing  opent^      were  not  more  than  15  fathoms.     Some  years  the  aggregate  sinking  per  year  of  the 

IS*s>  several  shafts,  was  about  100  fathoms  ;  and  the  driving  of  the  several  levels  156 
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fajthoms,  and  over  1,500  lineal  fathoms  of  ore  sloped  out.    The  average  pey'^eflr  of 
nine  years  was,  of  stopings,  1,241  fathoms,  sinkings  87  and  drivings  113,  making  an 
aTerage  per  year  of  the  nine  years,  1,441  fathoms.     That  is  to  say,  there  wa^-li 
section  of  the  vein  taken  out  equal  to  a  dej)th  of  10  fathoms  by  a  length  of  144' ;5n'- 
tn  average  for  each  year.     Dykes  crossed  the  veins  at  different  angles,  more  or  fe?^    '. 
at  right  angles.    They  were,  I  tliink,  of  more  recent  origin  than  the  veins,  and! 
think  had   a  great  deal*  to   do   with  the    richness  of  the  veins.     When  we '  lost     .--~ 
these  dykes    for    a   considerable    distance   the    veins   were   poor.      I   am   quite 
sure   there   is  still  an    abundance   of    ore    in   that    property  ;    the   veins    have        -^ 
been  worked  for  a  mile  and  a  half  I  think,  but  there  are  j)arfs  that  are  still 
onworked.     I    know    that  district    very  well,    and  I   know  that   copper    occurs 
in     paying    quantities.     There    are    lots   of    other   veins   besides   those    on   the  "..--. 

W"elliiigton    property.      Diorite    greenstone,    mostly    composed    of    felspar    and  '  '.• 

hornblende,  in  grains,  is  the  copper-bearing  rock  of  the  district.     We  employed 
ilK>ut  200  men  in  underground  mining.     Altogether  we  had  about  350  employed,  Laborers  and 
some  being   boys.     The   underground   men  were    paid    by    contract,    and   made  nte  of  wages. 
about  $32  or  $35  a  month.     Surface  men  were  paid  about  $1  a  day,  and  some 
got  more;  wages  increased  later  on — I  think  about  10  or  15  per  cent.    Once  raised, 
w-a^ares  could  not  very  well  be  reduced.     We  had  steam  engines  for  crushing,  pump- 
ing Uid  hoisting  purposes,  as  well  as  for  dressing.    The  drills  were  worked  by  hand. 
Some  time  after  I  left  reduction  works  were  put  up,  but  I  canot  tell  you  the  value 
of  the  plant.     The  capital  subscribed  was  £200,000,  and  for  a  number  of  years  the 
Dailies  paid  veiy  handsomely.    I  do  not  think  the  books  t^f  the  company  can  be  got, 
as    during  my  time  we  had  a  riot  and  the  men  wrecked  the  (»ffices  and  destroyed 
our   books ;    that   ^as   in   18G3   or   1804.       For    many    years    the   mines    were 
Tery  productive,  and  yielded  some  2,500  to  3,500  tons  of  copper  ore  a  year. 
A.t    the  beginning   it   went  5   per  cent.,   but    later    it  was  only   3  per  cent.  ; 
It     grew   leaner  as   we   went   down.      The  ore  shipped  each  year  would  average  productton  and 
about  20    or   21   per    cent.      At  first   it   was    shipped   to   Liverpool,   but   most  market 
of    it  afterwards   was  sent  to  the  States,  where  we  continued   to    have  a   good 
loarket  till   the   war  broke   out.     Then  a  duty   of  5  cents  per  pound  was   put 
on  copper,  which  x>revented   our  selling  in  the  States  and  injured  us  materially. 
We  could  only  ship  through   the  States  in  bond,  and  this  caused  a  great  deal  of 
^uble,  anxiety  and  expense,  and  we  found  great  difficulty  in  working  it.     Up  to 
that  time  the  American  market  was  better  than  the  English.     That  lessened  the 
^ti©  of  the  product,  and  then  the  price  of  copper  went  down  to  a  very  low  figure, 
10  that  about  the  time  we  closed  it  would  not  pay.     1  think  that  $0,000,000  to 
97,000,000  ^as  taken  out  altogether.     I  was  in  charge  twelve  years. 

Frank  Prwit — I  am  the  agent  in  charge  of   the  Wellington  comjiany's  property 
at  Bruce  Mines.     Work   was  commenced  here  in  1858.     What  was  known  as  the  h  w  i 

oW  Bruce  mines  were  formerly  owned  by  a   Montreal  company;   that  property  u^l^if^ng^ " , 
pwed  into  our  hands  in  1809.     The  extent  of  «  ur  property  is  t«  o  miles  frontage 
7  five  miles   deep,    6,400  acres.     I  cannot  from  recollection  give  you  the  [)ar- 

,     talars  as  to  the  shafts  that  have  been  put  down  ;  the  greatest  depth  is  420  teet. 

\  ^e  vein  did  not  play  out  at  all  ;  it  continue<l  good,  in  fact  improving  to  the  end. 
^e  did  not  find  any  native  coj)per.  The  vein.-*  run  nouth-east  and  north-west, 
wing  quartz  in  diorite.  Thoy  are  from  0  to  20  leet  wide  and  were  pretty  uniform 
^'Ugnout ;  there  was  very  little  iron,  the  gangue  being  principally  quartz  and 
*  We  spar.  The  widest  point  of  the  vein  we  woiked  was  20  feet,  where  it  formed 
•horse.  I  cannot  say  what  it  cost  per  ton  to  mine.  We  generally  paid  about  ^5 
a  fathom,  the  ordinary  width  being  10  or  12  feet  ;  where  wider  we  i>aid  more.  It 
*onld  cost  about  SI. 50  for  stoping,  and  then  there  was  the  driving  and  sinking 
oj«ide8.  which  cost  much  mure.  The  directors  are  John  Taylor  I'i:  Sons,  L(»ndon,  Eng. 
Tne capital  is  jf40,000  in  10,000  shares.  Some  changes  were  made  when  the  chemical 
^orks  were  established,  so  that  if  is  difficult  to  tell  the  exact  position.  The  Huron 
^F'per-lKiy  !•  cation  was  lea*-ed  an«l  worked  V)y  our  comjany  iuv  a  number  of  years. 
D' McDonald  was  president  of  that  company,  but  I  think  he  is  now  dead. 

W^.  H.  Plmnm*'.!' — On  the  Bruce  and  Wellin;iton  copper  hnationH  there  were 
*^U^  hxles.  The  north  and  west  lodes  were  not  far  ai>«rt  ;  not  more  than  a 
^Qtrter  of  a  mile,  and  thev  weie  tapped  at  ditlcrent  points.  The  work  eh»s(d  down  Shipments  of 
*0(nit  1876.  Ifi  the  good  times  tlie  greater  part  of  the  ore  was  ship|>ed  in  .steamers, 
Md  vessels  came  direct  fioni  Swansea.  Some  was  shi|)j>ed  in  bags,  but  more 
in  btrrels,  as  the  company  had  a  barrel  factory  of  their  own.  The  bags  were 
for  the  better  class  ore,  that  which  was   reduced.     Three   or   four  ships  a  year 
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camcf  ffrmi    England,  and  besides    that    they  shipped   by  the  local   steamers  to 
Bufial<j,  Toronto  and  Montreal.     Afterwards  it  was  shipped  from  Montreal,  being 
ctfKirod  by  rail  to  there ;   the  company  shipped  whichever  way  they  got  the  best 
.rsPtVV 

.  ,•    E<hvard  Norris — 1  live  at   Sault  Ste.  Marie  and  represent  the  Lake  Superior 
Copper  company,  who>5e  works  are  at  Mamainse  ani  the, head  office*  in  London, 
.  Eng  and.     J.  A.  Hendry  was  the  president  when  last  I  heard.     Daniel  N orris,  of 
Abchurch   clianibers,    London,    is  the  secretary.     I  do  not  know   the  a^nouut  of 
capital.     The  present  company  acquired  possession  from  the  Lake  Superior  Native 
Copper   company  throe  years  ago  last  winter.     The  property  is  60  miles  up  the 
shore  of  lake  Sui)erior,  jind  consists  of  0,400  acres,  040  of  which  was  got  from  the 
Kincaid  location.     Work  was  commenced  by  the  Lake  Superior  Native  Copper 
company  in  1882.     Three  shafts  were  ])ut  down,  the  original   No.  2  being  after- 
wards abadoned  and  made  into  a  ladder-way.     The  shafts  are  about  300  yards 
apart  on  the  vein.     No.  2,  the  one  near  the  lake,  is  320   feet,    No.  1  is  280  or  300 
feet,   and  the  original  No.  2  is  00  feet.     There  are  four  levels  altogether,  but  I 
cannot  give  you  the  distances.     We  have  two  hoisting  nuichines,  six  30  lior.'*e-power 
boilers,  an  air  compressor,  dressing  machinery,  a  Ball  stamp  of  about  180  tons  a 
day,  column  jigs,  etc.     We  have  also  a  saw  mill  and  machine  shop.    The  machinery 
was  put  uj)  during  the  sunmiers  of  1882  and  1883.     Work  was  stopped  about  1884, 
on  account  (»f  monetary  trouble.     I  cannot  tell  you  the  (|U«antity  of  ore  taken  out; 
there  was  not  a  great  deal  of  dressed  ore  shipped.     The  country  rock  at  Maniainw      , 
is  conglomorate  of  the  Nipigon  series.     The  strike  is  about  10  degrees  west  of      , 
north.     The  walls  on  our  vein  are  trap,  but  the  rocks  are  very  irregular  ;  I  think 
the  conglomorate  forms  one  wall  of  our  vein,  and  the  trap  the  other.     The  width 
of  the  vein  nn  the  surface  is  5  or  0  feet,  ])ut  it  widens  below  to  about  18  feet ;  that 
is  si>eaking  from  recollection  ;  I  have  not  been  there  for  about  four  years.     The 
percentage  of  copper  varied  very  much  ;  the  last  test  made  showed  seven-eighths  ot 
one  per  cent,  of  native  copjjer.     It  is  a  dry  mine,  all  things  considered.     We  never 
had  any  ditliculty  in  getting  labor  ;  our  minors  were  principally  paid  by  contract^ 
and  the  price  was  about  820  a  foot  for  the  full  size  of  the  shaft,  8  by  20  feet.     Th-^ 
price  would  vary  according  Uy  the  <iuality  of  the  rock,  and  this  was  about  the  lowe-'^*' 
price  paid.    Ordinary  lab(»rers  got  from  81.25  to  Sl.r)0  a  day.    The  greatest  number  o*^ 
men  employed  at  our  mine  wivs  200,  including  75  choppers  ;  that  was  in  the  wiut^"*^ 
of  1883.     Something  less  than  100  of  them  were  miners.     In  other  years  I  thin^^ 
about  1(>0  men  were  employed,  excei)t  the  first  year,  when  the  number  was  aboa'^ 
100.     The  failure  was  mainly  due  to  extravagant  work.    We  were  new  hands  in  thi.-^ 
country,  and  there  was  too  much   btiilding  in  proportion  to  the  amount  of  mining'^ 
We  also  lost  a  great  deal  of  money  tr^Mug  to  run  a  passenger  boat.     The  old  com^ — 
pany  went  into  li«i nidation  three  years  ago.    I  believe  if  they  had  money  enough  tc:^ 
go  on  for  three  (^r  four  months  more  they  would  have  weathered  it.     The  presen^^ 
company  have  done  no  mining,  but  they  acquired  the  property  with  a  view  to  wor 
it.     It  is  composed  I  think   chiefly  of  the  old  men,  tlumgh  1  believe  a  number  o' 
new  men  were  brought  into  it.      All  the  shares   were   never  issued.     The  faciliti 

for  8hi])ping  are  not  good,  ])ut  they  could  be  improved   by  getting  a  good  boat  on - 

the  route.     It  would  be  a  great  a<lvantage  if  American  boats  were  allowed  to  call. 

H.  Trt'th<nrn\i~\  was  in  charge  at  Mamunse.  We  were  exploring,  and  did 
not  go  on  with  regular  developing.  The  indications  were  vory  good,  the  highest 
assays  showing  7,0()0,  15. ()(>()  an<l  20,000  ounces  to  the  ton  :  that  was  selected  rock. 
We  only  got  a  small  pocket  an<l  tof>k  out  about  §150  worth.  There  is  silver  there 
in  paying  <pianrities.  We  found  native  copper,  black  and  red  oxide,  and  grey 
ore  that  assaye.l  00  per  cent,  copper  ;  we  did  not  tind  that  in  large  quantities.  1 
believe  tliero  is  a  ;;oo<l  ])roperty  there.  The  company  spent  about  §25, (KK)  or 
830,000.  The  deejx^dt  shaft  was  S7i  feet  ami  the  longest  level  350  feet.  We  sank 
seven  shaf^s  from  35  feet  to  87  J  feet.  The  level  of  350  feet  was  driven  through  a 
belt  o'  amygdaloid  and  con.L,'lomorate,  an«l  the  vein  was  from  4  to  12  feet  wide. 
Ther«'  was  a])out  three-cpiarters  of  one  \>^r  cent,  of  copper.  The  H7  f)ot  shaft  was 
on  the  vein.  We  traced  the  vein  for  lialf  a  mile,  12  feet  wide.  It  carried  native 
cop])er,  red  oxide,  black  oxicbs  green  carlxmate  and  native  silver.  I  know  of 
quite  a  nmnber  of  veins  farther  in  :  they  form  deej)  dej)ressions  in  t'le  rock  on 
the  surface.  The  dykes  on  the  shore  ran  .south-east  and  north-west,  and  inland 
some  are  a-x^i  an<l  west,  Tht^  veins  which  cut  the  dykes  are  almost  due  north  and 
south,  and  the  dip  is  45"^  towards  the  lake.  I  believe  that  to  be  a  good  country 
for  grey  copper  ore  and  silver. 


J.  S.  TFiJi  1(1  nw—Tho  Michipictitcii  mine  wtis   origiiinlly  tlie  |)ro]iertj-  c  f  the 
^bec  Land  and  Mining  Ci).,  which  tlid  a  liltlu  prosiiectiny  nlimg  the  bar.k  of  tlie 
t«n.    Abnut   18+2  it   )wsBud  int<i  the  linuds   cf  the  Lake  Superior   Ccpiier  Co.,  Ths UlcUpl- 
■hcua  headquarters  were  «t  London,  Kng.,  tlioir  eapiUl   being  £100,000.     1  think  mtenmlnB. 
liny  begun  work  the  «aniu  year  nnd  carrieil   im  for  aliout  Ihrue  years.     They  Bank 
» tuain  aLaft  400  feet— B.)niier  shaft  400  feet.  Ealtei-'n  Bliafl  21W  feet.  Office  shaft  66 
orTOfeet.    They  also  did  a  go»d  iloal  of  dviftiii!,'.     No.  1  at  200  feut  level  Ivan  al«ut  „   ., 
BOOorriM)  feet.    No.   2  at  280  feet  wai  500  feet,  and  N...  «  at  3(i')  fe>^t  »»«  ,100  or  """'"*^ 
(OOfeet.     In  Bonner  shaft  they  cmss-cutted  and  drifted  about  «nO  feet.     The  vein 
runs  nearly  i-ast  and  west  in  ainygclnloid  unit  trap  the 
total   depth,  dipping  smith  02°  frnm  the  vortie.il.     ]t 
i'  coni|KiBod  of  iiuarti!,   calcile,   epiiiute,  iron  pyrites 
and   native  copper.     Tlie   latter  occura  in   iiinsaea  of 
fitiin  40  to  50  i>onnd8  t<)  iniuuto  particles  of  verj-  tine  The  vslo. 
shot  and  leaf  ei>|>|>cr.     The  nnneralise<i  jiart   of   the 
vein  is  )iriucip.illy  on  the  hiuiyiiig  wall,  but  nccasi<in- 
ally  runs  thn>u»li  il.     The  vein  ranges  in  wiiith  fmiu 
three  (o  six  feet  and  is  pretty  ruguiar  as  to  t\m\  but 
Taries  vi'iT  considerably  ad  to  prixluctivenoss—  at  si>uie  Miehlnerj'. 
places  jMH)r,  at  others  well  charged   with  co^ipcr.     A 
considerable  lot  Wiu  taken  out.  but  no  |iortioii  of  it 
wat  dressed  and  none  shipped ;  it  still  lies  on  the 
dump.     The  eonijiany  ijiiit  work  three  I'l'.  fcnir  years 
...  ago,   owini;  to  eihauBtioii   of  funds.     The  niaehiuery 

toJ.  ^■ile*;M"t"^to^uH''i«di"""  coiwifted  of  two  jwira  of  24-iiich   Cornish  i-"lls.  four 
•.Tinp.  r, 'ciw'nin-ralr-.  rl.kie  P^"  "^  pluilgiT- gii;B,  four   buddies  for  dressing,  all  a pMaU«1  »rfn 
■uMrr  inM  tprrlr'  <■/  I'opptr.    /.  driven  by  a  tiO  hiirse-l>ower  ciigiiio,  with  four  upright  tested. 
Iiftr.  1.  Amnj^aifiii.  lioilerg.    The  ]>ri>perty  waapurt.-lmsud  by  Mr.  Matthews, 

at  tlt.it  lime  uwyor  of  Liver|HHd,  wlio  canicd  on  the 
Mtait  about  a  year  and  a  half.  I  was  suporiiitendent  of  the  works  <luring  nine 
Bontha  of  that  time,  Tlio  innin  shaft  was  sinik  a  further  ilistaneu  of  WNt  feet,  we 
pWd'iirna  winze  55  feet,  drifted  So.  If  level  ITiOteet  west.  So.  4  .ibout  100  feet. 
About* threo-riuarters  of  a  mile  sonth-eiut  of  the  old  mine  n']iarallel  vein  of  con- 
SWirate  exists,  still  iu  the  amv},'daloid  and  Imp.  with  an  avomge  width  of  seven 
iMt  We  sank  40  feet  on  that  vein  and  teste.l  it  with  a  diamond  drill  iiW  feet ; 
t  Mniiderable  quantity  of  native  cop|>er  was  found,  and  more  evenly  dissemiiiatud 
^  in  the  old  mina  A  Imnd  of  red  sandstone  underlies  iho  foot-wall  iif  this  vein. 
Bia  vein  matter  resembloa  the  Calumet  and  Hecla  more  than  any  other  I  havi-  Been. 
Mr.Hatthews"  death  occured  in  June  or  .July,  IS-sT,  and  the  work>  were  ahnt  clown 
ttUie  end  of  July.  This  summer  Mr.  di/eiis  is  acting  f.>r  the  eatute  and  has  an 
Inierican  ayndioate  esamining  the  property.  The  tol.ll  area  of  property  is  about 
%  iqunre  miles, 

ff.  P.  JfclHfoJi— My  residence  is  CleveUnd.  Ohio,  nnd  I  am  secretary  and  troas- 
"Wot  the  Canadiiui  Copper  Co.  Tbecimijiany  was  organised  January  oth,  1886;  ita  The  Cim»diiiii 
»pital  i^tock  iBiS2,0<i0,0ii0,  all  snlHteribud  and  jwd  lor.  The  pro)x^rfieaof  tlieci>m-  '^"'''^'™'^rtT 
PWjare  situated  in  lik/ard,  Creightoii,  McKim  and  Snider  townships,  district  of  P^nJ" P"'!*'w. 
UifoBia,  and  have  a  tr.tal  area  of  alHuit  10,000  acres,  it  is  diftienit  to  iletcnuine 
"lucli  of  the  prospectors  made  the  first  disoovories  :  .it  lea''t  a  dozen  diOii'reiit  ]ier- 
■na  vera  u|,un  these  projiertii-s  about  the  same  time,  and  wo'  do  nut  know  who  llrst 
^nd  the  minerals.  The  cut  through  the  small  deposit  on  tlie  line  of  the  ( 'anadian 
^cific  railway,  about  three  mil-s  west  of  Sudbury,  was  twrhap*  the  first  t]iin«  ib.iio 
l«(»ll attention  to  the  fact  that  cpper  ores  existed  in  the  wiuntrj-.  but  not  eiiouich 
■Ufnund  there  to  warrant  sullieient  expenditures  of  mimov  to  determine  its  |Kissi- 
^  value.  The  ore  occurs  in  a  series  of  puvalh-l  leiin-sliiipud  dep<isiti  in  a  formation 
'latappears  to  be  print:ipally  diorito.  The  diquisitj)  extend  mori^  ur  loss  pi-iimi- 
tcntlj  through  a  tract  of  sevi-ral  iiiika.  The  oru  is  eo[>iier  pyritua  aei'uni[iaiii>'d  by 
WiidBRible  pyrrhotite,  the  latter  rarryinu  lu'ekel  in  greater  or  less  ipiantitie,*,  and 
liBipinguc  being  pri'iciiially  felajBir  ami  rliorit)'.  It  is  iiitiienit  tu  wt  niincrfi  and 
•iKiTttrs  on  account  of  the  i»obili.-<l  {H^ition  oecu]>ied  bv  the  mine;'.  The  men 
siplnyed  are  largely  Cornish  aod  Welsh,  and  they  are  [..li'.i  mootldy  in  .■;i.s)i. 

iir.  EJiiyinl  Petti-i.  ji-Oyinmiaa  hav.-  l.eeu    made  in   the  St. .!,;,■,   Kvaiis  and  _  ., 

upper-cliff  mines  at  Sudbury,  and  at  four  -r  tW-  ,.<  her  opt^uin-s  to  pr,.ve  f  lie  veins,  JSp^r",^" 
t  Copper-cliff  a  great  deal  of  work  hai  l^etiu  dime,  s.ime  82."i.fl0il  or  s:!t).0()l)  having  nnj-'a  works. 
«a  expended.     A  sh.ift  has  liecn  sunk  duuii   aboat   3o0  fei't   on   tlie   vein,  and 
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drifte  have  been  run  at  right  angles  to  tlie  shaft  5(X)  or  600  feet.  A  great  deal  of 
sui-face  quariying  has  also  been  done.  Oa  the  Evans  mine  the  shaft  has  been  luok 
to  a  de[)th  of  85  feet  and  two  drifts  have  been  commenced,  being  now  about  6  feet. 
There  has  also  been  a  small  amount  of  surface  quarrying  done.  At  the  Stobie  two 
tunnels,  each  of  30  or  40  feet,  have  been  run  in  and  work  has  been  done  as  seen 
by  the  members  of  the  Commission.  At  this  mine  we  have  a  three-drill  com- 
pressor to  work  three  air  drills,  a  large  stone  breaker,  the  necessary  pumps,  etc. 
At  the  Co])per-cliflf  we  have  a  six-drill  compressor,  a  large  hoisting  engine,  a  rock 
breaker,  a  rock  house  for  separating  ore,  various  pump«  and  all  necesa&iy 
machinery.  At  th  ^  Evans  a  three-drill  comjiressor  will  be  put  up  in  about  a  week, 
also  a  breaker,  and  there  will  be  a  ver}'  large  rock  house,  one  of  the  finest  in  the 
country  when  it  is  tinislied.  I  think  we  can  dress  a  good  deal  of  our  ore  to  20  [)erceDt 
Speaking  in  a  wholesiile  way  I  think  it  will  show  about  2.^  per  cent,  nickel  and  3  per 
cent,  copper.  The  Newfoundland  ore  is  something  similar  to  ours,  but  doei 
not  contain  any  nickel  that  I  am  aware  of.  It  seems  to  me  that  the  mineial 
deposits  here  run  through  t'.e  country  something  like  a  string  of  sausages,  with  a 
long  space  of  strincj  between  each  sausage.  As  we  go  down  it  seems  to  narrow  and 
then  widen  out  again.  There  seems  to  l>e  some  connection  between  the  depoaita, 
but  I  do  not  think  they  could  be  pro])erly  called  fissure  veins  ;  I  would  call  it  a 
mineralised  belt,  with  minerals  concentrated  in  it  at  certain  points.  It  is  a  hard 
region  to  prospect  on  account  of  the  broken  nature  of  the  country,  and  owing  to 
the  fact  that  the  rocks  do  not  crop  up  well.  If  this  were  in  the  Unite«l  Statea 
thousands  of  prospectors  would  be  here  on  the  strength  of  what  has  already  been 
done. 

Francis  Spernj — Wo  have  had   10  per  cent,  nickel  in  special  samples  of  the     ' 
Canadian  Copper  company's  mines ;  that  was  the  highest  in  the  pure  pyrrohtite;  the 
average  would  be  G  per  cent.     The  average  in  the  general  body  of  ore  is  I  think  4 
to  5  per  cent.  copi)er  and  3  to  4   per  cent,  nickel.     In  making  a  shipment  we  make 
an  analysis  ;  in  the  shipment  to  New  York  it  showed  7  per  cent,  copper  and  3  pet 
cent,  nickel.     That  was  a  shipment  of  about  3,000  tons.     We  have  on  the  dumv>* 
now  about  5,  (XX)  tons. 

F.  Aiuireics — I  have  l)een  in  the  Sudbury  district  since  the  beginning  of  ApriJ** 
I  have  been  more  or  less  ac({uainted  with  mining  since  I  was  13  years  of  age,  both  *^ 
mining  schools  and  elsewhere.     1  received  my  education  in  Cornwall  and  Devo^ 
England.     I  was  also  at  the  Royal  Sch(x>l  of  Mines,  London.     I  have  had  exp*^ 
rience   in  the  west,  in  Mexico,   South  Africa  and  Australia.     I  have  been  in  alracp^^ 
all  kinds  of  mines,  except  coal  mines.     I  think  it  is  too  early  yet  to  give  an  opinicT^ 
as  to  the  i>ro.spects  for  mining  in  the  Sudbury  district.     I  cannot  say  what  minent^ 
are  in  paying  quantifies,  but  I  am  pleased  with  some  parts  of  the  district.     Tb^ 
surface  deposits  are  splendid,  but  there  is  no  deep  mine  yet  to  prove  how  it  ^ 
below.     At  the  Evans  mine  they  started  with  the  diamond  drill  at  a  depth  of  1$^ 
feet  with   very  satisfactory  results,   though  I  do  not  think  the  drill  is  at  all  a  fai 
test  of  a   mine.      At  the  Copper-cliflf  they  have  tested  down   to  about  300  feet 
and  we  will  shortly  know  more  about  it  ;    it  may  improve,  but  I  cannot  say  that  10 
will.     1    do   not   know    of    any  other    companies     besides  the    Canada    Copped 
Co.    and   the   ^'ern^lion   Co.    that   have  done   any   real   work.       Prospectors  dc^ 
nothing  more  than  put  in  a  few  shots  to  tost  the  nature  of  the  veins.     It  is  a  very* 
hard  country  to  prospect.     We  employ  'i*2  niinei*s  at  the  Copper-cliflf  and  I'l  at  the- 
Evans  :  we  work  ni«:jht  and  day  and  t'le  .shift  is  ten  hours.      We  have  not  had  any 
ditticulty  in  gettinir  a  8upi)ly  of  skillctl  labor.     We  i)ay  outside  men  $1.40,  miners 
ab  ut  81.75,  and  machinists  82.    The  .shafts  and  drifts  are  sunk  by  contract.    Some  of 
those  working  by  contract  make  as  high  as  82.7-^  and  S3  per  day.     The  iiK*k,  }>arti- 
cularly  at  the  Evans,  is  diorite  and  is  very  hard  to  blast.     At  the  Copper-cliff  the 
angle  of  incline  is  4.")  d  ^rees. 

Janus  Sf«>hif — In  Dcnison  there  a[>})cars  to  be  more  schist  accompanying  the 
diorite  than  at  Sudbury.  In  the  No.  1  shaft  of  the  Vermilion  the  vein  is  between 
schist  and  diorite.  Where  copper  and  galena  have  been  found,  more  or  less  gold 
and  silver  have  been  found.  The  ctMirse  is  genenilly  north-east  and  south-west  ; 
there  are  exceptions  h  'Wcver  to  that,  the  Lady  MacdonaM  and  the  Copper-cliti*, 
In  these  the  course  is  north  and  south.  There  is  a  consitlcrable  distance  between 
them,  but  I  think  they  are  a  continuation  t)f  the  s;une  do])osit.  In  some  places  in 
the  belt  the  diorite  itself  is  rich  enough  to  be  worked  ;  in  other  places  it  is  not  :  it 
varies  very  much.  There  seems  to  be  any  number  of  places  where,  if  handled  with, 
economy,  mining  should  pay. 
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Bobert  Hedley — The  specimens  of  copper  I  examined  have  not  been  repre- 
sentative, but  I  think  picked  specimens  ;  some  have  gone  very  high,  as  high  as  23  Conipositioit  of 
and  24  per  cent.,  some  15  and  17  per  cent.,  and  some  lower.  In  almost  all  cases  I  s^<^**"''>'  <''"^''* 
found  nickel  associated  with  the  copper,  either  intimately  or  lying  side  by  side.  1 
have  assayed  for  nickel  and  have  found  from  1  to  25  per  cent.  ;  but  only  as  high  as 
25  per  cent,  in  one  case,  and  that  was  from  the  Vermilion  shaft  No.  1  ;  there  was 
6  per  cent,  copper.  1  have  tested  for  cobalt  and  found  it  existed  with  nickel. 
With  some  copper  ores  I  have  found  gold  and  silver  in  small  quantities,  and  a  trace  of 
other  metals.  Ores  are  largely  mixed  with  iron  pyrites,  and  pyrrhotite  which 
appears  to  carry  nickel. 

John  Bibcock — I  discovered  copper  with  nickel  on  lot  10  in  the  5th  concession 
of  Denison.     I  think  it  carries  gold  too.     ^lost  of  the  work  was  done  by  myself  and  Ores  in  Denison, 
McOonuack,  whom  I  had  to  get  to  take  it  up.     Tlie  vein  runs  north-east  and  south-  ^,d*iVdrbank*'* 
west ;  the  country  rock  is  hornblende  and  a  kind  of  micaceous  slate.   I  have  but  a  verj' 
common  knowledge  of  rocks.     In  Waters  I  discovered  what  I  think  is  copper  and 
nickel,  but  it  has  not  been  assayed  as  yet ;  I  have  not  taken  up  the  lot.     In  Snider 
I  found  two  deposits  of  nickel  and  copper  close  to  each  other,  on  lots  3  and  4  in 
the  Ut  concession.     Those  lots  have  been  taken  up  and  we  have  done  some  explo-    • 
ratory  work.     There  a-e  two  veins,   both  about  10  feet  wide,  their  coui-se  being 
north-east  and  south-west.    In  Fairbank  I  found  pyrites  with  btUe  specks  of  galena. 
I  don't  think  it  is  rich,  but  it  might  pay  if  a  man  were  able  to  work  it. 

Robert  McCormack — I  live  at  Sudbury  and  have  been  engaged  for  the  last  two 
years  prospecting  in  this  district  from  Snider  to  Denison.  I  have  a  copper  loca-  Locations  in 
tion  on  lot  10  in  the  5th  of  Denison ;  it  is  something  like  the  Krean  location,  of  snidS*." 
which  I  think  it  is  a  continuation.  There  is  copper  on  lot  4  of  the  Ist  of  Snider  ; 
It  is  of  the  same  kind  but  not  so  large  as  the  deposit  (m  the  Krean  location. 
Copper  occurs  in  the  green  rock.  In  Snider  it  is  a  kind  of  green  rock  on  one  side 
and  grey  uj)on  the  other. 

George  Shaw — In  the  township  of  Graham,  on  lot  6  in  the  3rd  concession,  we 
find  some  very  good  lodes  that  the  mining  engineer  sa^'s  in  his  report  form  a  con-  Locations  in 
tinuation  of  the  Vermilion.  We  are  about  stocking  that  for  3100,000.  On  5  in  the  Q'**»"»- 
3rd  we  have  alluvial  gold.  On  12  in  the  5th,  which  we  also  hold,  there  is  copper, 
*Q  assay  of  which  by  Mr.  Heys  of  Toronto  shows  27  per  cent,  copper  and  896.40 
of  gold  per  ton.  The  vein  I  understand  is  live  feet  wide.  It  is  suppose* I  to  be 
a  continuation  of  the  McConnell  lode,  and  goes  across  this  location  into  the  next. 
There  is  very  little  doing  because  each  man  is  waiting  for  his  neighbor  to  develop, 
&Qd  then  hoi^es  to  make  something  out  of  his  own. 

D.  W.  BntUrJiM — I  think  from  the  indications,  as  far  as  we  have  gone,  that 
copper  exists  in  paying  quantities  at  the  Vermilion  1  ication.  Our  ore  runs  25  to  The  Vermilion 
30  per  cent,  copper,  besides  other  metals.  I  have  been  told  it  contains  nickel  and  naininsr  worics. 
platinum,  or  other  metal  of  the  platinum  group.  As  to  the  copper  on  the  hill,  I 
cannot  yet  say  whether  it  is  a  vein  or  not.  I  think,  however,  there  is  a  large  body 
of  ore  there,  and  I  am  satistied  with  the  develo]>ment  so  far.  I  tliink  as  we  get 
deeper  d<>wn  we  will  get  more  water,  as  the  rock  Is  not  as  close  tjrained  as  at  the  gold 
Tein.  I  do  not  expect  we  will  have  any  trouble  till  we  get  down  100  feet,  and  then  1 
ttiink  we  cin  handle  it  with  a  pump.  I  do  not  think  there  will  be  any  serious  difficulty. 
In  our  mine  here  we  have  the  copi>er  in  difierent  forms — blue,  grey  and  yellow 
copper,  and  also  some  n«itivo  co])per.  There  is  some  iron  pyrit-es  with  tin*  cupper, 
■ome  gold,  some  quartz  and  scmiri  ai-senical  pyrites  I  think,  quartzite  that  carries 
gold  and  a  small  amount  of  silver  mixed  up  with  the  vein  matter,  hornblende, 
P^tinum  and  nickel.  No  copper  <»re  ha^  been  shijiiHid  as  yet  and  it  is  nut  lUter- 
^ed  where  we  will  send  it  for  reduction. 

Joseph  Biopi'lle — I  am  interested  in  about  1,2')0  acres  of  niinin*^  pn)perty  in 
tie  township  of  Denison  :  our  lots  are  in  nin;(i:s  4  and  5.  The  owners  of  the  Coiiperand 
propertv  are  Tou*'!!,  McDonaM  and  myself.  We  «liscovered  minerals  on  the  iiro- "'^it^^M*^^'^**^"^ 
perty  m  l>^oo  and  IHHi  ;  we  di.scoverea  mineral  on  every  lt>t  we  j)urLhase(l,  the 
principal  minerals  being  copper  and  nickel.  We  di-covered  gold  on  lot  'J  in  the  5th. 
The  copper  shows  generady  on  the  surface  and  is  in  vein^.  We  have  oi)cnin*i[s  on 
ail  the  lots,  but  have  not  sunk  a  shaft  to  anv  depth.  We  found  some  copper 
aasociated  with  and  some  without  nickel.  The  onlv  i:old  was  that  on  lot  9, 
and  I  cannot  pay  that  was  a  vein  ;  it  was  only  a  little  native  ;^old  picked  up  when 
we  were  opening  for  coi>per.  I  place  no  value  upon  the  g<»id  ;it  all.  I  have  visited 
the  copper  regions  of  lake  Superior,  and  I  believe  this  to  l»e  the  best  copj»er  section 
in  the  world.     We  liave  had  some  of  the  copper  ores  analysed  by  Mr.  Donald  of 
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Mrnitreal  ;  it  was  an  analysis  of  the  lot  wo  disposed  of  to  a  copper  company  since, 
and  showed  ,'U  per  cent.     That   was   in   the   towniship  of  Snider.     The  veina  vary 
very  much;  in  s«>me  places  we  can  hardly  call  them  veins.     We  found  ore  going 
right  aorn.ss   tho  t^jwnship  from  north  to  south  and  cropping  up.     Wherever  the 
vein  crr)ppod  up  we  pnrcliased  as  sot)n  as  we  had  developed  enough  to  show  that  we 
were  rii^ht.      I  do  not  know  that  there  is  a  vein  ai  the  word  is  generally  used  ;  it. 
usually   occurs  as  an  ovorflow,  sometimes  showing  pretty  well  on  top.     Wo  are 
perfectly  satisfiotl  with  the  appearance  of  the  coi)por  and  hardly  deem  it  necessary 
to  have  any  analysis. 

Htnmi  itaii'jrr  -I  have  discovered  «'.oi)per  on  lot  12  in  the  4th  concession  of 
Denison,  on  lots  D  and  1 1  in  the  5th,  on  8  i!i  tho  5th,  on  8  in  the  4th,  and  on  1 
and  G  in  the  5th.  In  Snider,  on  12  in  the  Gth,  I  found  copper.  In  Graham  1 
discovered  iron  [)y rites  on  12  in  the  'h'd  and  on  12  in  the  4th  1  found  a  quartz  veiii 
coutiiinin;^  c<>i)i)ir  pyriti'S  and  galena. 

Jifiii^ii  MiUer — Tlie  cop})er  in  the  township  of  Drury  is  a  mountain  and  extendj 
about  two  or  thrtM*  thousanc'  feet.  About  a  mile  further  to  the  north-west  it  cro"j>a 
out  again  ;  there  in  any  amount  of  cop}>er  there.  It  appears  to  be  decomposed  f^i 
far  as  ciux  ho  seen.     The  rock  is  diorite. 

E<linir<i  }[<nn-^: — I  am  a  Ivnuher  merchant  and  am  interested  in  mining  proper- 
ties at  Straii^'lit  lake,  west  of  the  townshi])  of  Moncriof  and  4G  miles  west  of 
Sudbury.  Copper  was  first  disoovored  there  a  year  ago  last  fall,  and  about 
two  or  three  wewks  ago  galena  was  discovered.  I  cannot  say  whether  tho  galexM 
occurs  near  the  copper,  Init  it  cannot  be  a  mile  away.  I  am  speaking  fnmi  wliat 
my  brother  told  me. 

G  o  L 1). 

Of  the  localities  in  which  gold  has  been  found  in  Ontario,  the  Commissi oii 
Gold  regions.  visited  gold  carrying  veins  in  the  Madoc  or  Marmora,  Denison  and  Lake- of- 
the- Woods  districts.  Evidence  was  obtained  in  addition  to  the  above  in  rol  ^ 
tion  to  the  Huronian  mine  in  Moss  township,  west  of  Port  Arthur,  and  *o 
many  veins  in  the  region  of  Sault  Ste.  Marie  which  are  said  to  carry  gold  '^^ 
paying  quantities.  All  these  are  in  the  Huronian  formation,  if  the  fi^^^ 
mentioned  can  be  so  included. 

The  Richardson  gold  mine  is  situated  in  the  township  of  Madoc,  in  fc^® 
Richardson  gold  countv  of  Hastings,  near  the  line  of  the  Ontario  Central  railway.     No  wo^^"^ 
is   now   going   on,  but  recently  some  parties   have  been   exploring  the  o^^ 
workings  and  opening  new  ground.     Very  promising  looking  rock  had  be^  ^^ 
taken  out  and  was  lying  on  the  dump.    The  vein  stuff  consists  of  quartz  wi  *** 
some  iron  pyrites ;  dolomite  and  calcspar  also  occur  in  patches,  and  fonrm^    * 
considerable  part  of  the  excavated  matter.     Talcoso  schist  appears  to  form  o^® 
side,  and  strikes  with  the  greenstone  and  gneissoid  rocks  in  an  easterly  »-i^" 
westerly  direction,  the  dip    being    at    some    places    70°.     The  vein   is   xio^ 
visible  at  the  surface.       A  very  interesting  account  by  Mr.  Tenner  of  tie 
discovery  of  gold  at  this  place  is  given  in  the  Geological  Survey  report  oi 
1861),  together  with  a  great  many  analyses  and  tests  of  ores  in  this  district 
Fig  10.  is  a  section  of  that  country  drawn  by  Mr.  Vennor : 
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Fi<».  \Q.  —  S  riuiicatioiifi  of  iron.    e.  Crystalline  I! mf atone  loith  graphite,  ftyenite  andgneitt,    i,  Dioriff 
rock  with  iron  or,'if.    t.  Calc  nchii<tj,  mica  tfchuit^i  and  comjlomerate ;  litnestones  and  do[omite$  with gtinL 

The  property  of  the  Canada  Consolidated  gold  mining  company  at 
Dcloro,  in  the  township  of  Marmora,  was  visited  by  the  Commission,  but  the 
mine  is  now  idle  and  full  of  water.     Some  extracts  taken  from  a  paper  by 


S.  p.  Rothwell,  editor  of  the  New  York  Engineering  and  jVIiniiig  Jonmal, 
Tetd  before  the  American  Institute  of  Mining  Engineen,  may  be  given  aa 
descriptive  of  it: 

About  thirty  miles  north  of  the  city  of  Bollcville,  in  the  township  of  Mnrmora. 
Ontario,  there  is  found  a  belt  of  gulil-boiiriu<;  quiirtz  vein'  which  i>re3ei it  geological,  D 
minerali>gicil  and  ecunnmie  featured  of  groat  hitevcst  to  the  iiriifeBsiun.  Tlio  iliatrict  *'' 
in  which  these  vc^ins  are  found  is  chamctorisvl  as  «  r.)lhng  country,  with  low 
nnnded  hilU  of  HVetiitic  granite,  ovorlain  on  the  flanks  ol  the  liills  by  Silurian 
linieit'ine  n-hich  lies  in  nearly  huriznutal  beils,  and  in  aoine  places  is  an  tine  in 
teitoreasto  affiird  lithograpliic  aione  of  »  fair  quality.  The  gold-hemng  veins 
nin  north  and  south  throujfh  this  belt  of  syenitic  granite  and  are  <iuarts:-fillui:l,  true 
nsanres,  with  micaceous  or  talcoid  slates  funning  the  wiills  of  and  horseb  in  the  veins. 
This  talci'se  ulaty  n)i:k  is  evidently  the  proiluut  of  the  chemical  decoinpositioH  of 
the  syeni  o  ahmg  the  fissures,  thfi  (lunrtz  beinjj  segregiit«d  from  the  country  rock 
into  the  veins,  and  the  hornblende  iif  the  syenite  furnishing  the  magnesia  of  the 
talcoid  xLites.  The  veins,  besides  i|u.irtz,  cuntain  aIsh  as  gan'.;uc  crystallised 
*»lcspar  and  i-ecasionally  cry.-tallised  lihick  mica.  The  ore  acaCterod  through  Ihis 
gMigue,  ill  lioai-y  bands  in  some  places  and  in  detached,  well  fiinned  crj'sUls  at 
*>ta^  points,  is  an  arsenical  sulpliuret  of  iron  (mispickcl)  h.iving  a  coinpusition  of 
*bo'ut  55  per  cent,  of  ir<)n  ani  2;>  j>er  cent  of  arsenic,  and  perhaps  20  per  cent,  of 
■snlphur.  This  ntispickel  contains  tlie  greater  part  of  the  tfoUX  for  which  the  mines 
-*!«  worked,  but  free  void  is  also  found  scattereil  through  the  quartz  in  small  leaves 
and  gTiiins,  and  it  is  also  found  showing  freely  at  times  in  the  inispickel  itself  .  .  . 
Some  four  or  live  parnliel  veins  hnvi:  huen  pmved  ti)  exist  in  a  bolt  of  oOO  or 
™X)  feet  in  width,  running  through  the  property  of  this  company  for  a  loni^th  of 
**ver  tliree-quartors  of  a  mile,  while  the  main  vein  has  been  opened  on  a<ljoining 
Pi^perties,  making  a  total  proved  length  ot  this  i,Toat  tissureof  about  three  miles  on 
'no  vein,  a  fact  which,  next  to  actual  sinking,  maj'  be  considered  the  best  proiif  of 
tho  cuitinu.'xnce  in  clepth  of  the  veina.  .  .  .  They  have  shown  this  vein  to  havd  a 
tWcknesH  exceeding  20  feet  in  many  places,  and  averting  probably  8  or  10  feet, 
while  tho  middle  and  west  veins,  though  smaller,  have  still  apimruntly  a  tliickness 
*•'  3  feet  and  upwards. 


IS  Catling  ore,  !ui*iy<-.l  by  A.  Tliip-,  SIS.HT  e< 
if  BiBton,  and  Giffoul  of  New  York,  811.7: 
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tons,  mi'ldte  vinn,  ?.mf<2. 
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Chpck  axuajK  by  Prof.  RichanI''  i 

AviTOge  value  Gatljng  ore,  uant 

Aver.igw  samples,  aRgrpgating  « 

Averiye  saiiipIeH,  airgregating  i; 

Some  of  the  washed  ore  was  tit>ated  by  chlorinatioii  under  jircssuvc  (Mt-'ars' 

Pft>ce>«)  and  practically  nearly  the  full  lire  rinsay  was  olit.aineil.     Even  including  the 

JV*S  in  dne  dust  in  ronstiiig  in  the  revidving  hearth,  an  orn  which  assayed  less  than 

•14  per  ton  yielded  net  in  th^  bullion  ill   per  cent,  of  the/  fire  assiiy.  ko  that  it  in 

thought  tliit  by  care  in  roasting'  from  03  to  !l-"i  per  cent,  of  the  gold  in  tlio  concun- 

States  can  be  regularly  obtained. 

The  accompanying  sections  of  the  Gatling  mines  (Fig.  11)  are  by  Mr. 
R-  H.  Stretch,  M!.E.  Since  Mr.  Eothwell's  report  large  chlorination  works,  c; 
ivith  chambers  for  coUefting  the 
irsenic,  have  been  erected.  It 
is  stated  that  they  could  put  forty 
tons  per  day  through  b.  I!lako 
'^'  ;;ruBher.  The  ore  was  nnxt 
broken  by  Cornish  rolls,  con- 
centrated, and  the  concentr.ites 
ground  by  mill -stones,  after  which 
^he  material  was  roasted  and  the 
arsenic  caught  in  chambers.  The 
RMsted  concentrates  were  pnt  into  a  barrel  with  free  chlorine  gas  and  revolved 
then  washed  and  the  gold  deposited  from  the  solution.    The  process  is  described 
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more  fully  by  Oharles  W.  Wilmot  in  his  report  in  the  Geological  Survej 
publication  for  1882-3-4,  Part  4.  The  tailings  from  this  process  are  now 
being  tun  over  a  table  containing  mercury  in  the  riffles  and  oscillating  90  per 
minute.  Sodium  amalgam  and  nitrate  of  mercury  are  put  in  with  thfr 
mercury,  and  also  a  few  grains  of  copper  filings  after  the  nitrate  of  mercury 
is  added.  The  filings  keep  the  mercury  from  flowering.  It  is  found  that  either 

« 

by  the  action  of  chlorine  or  the  ordinary  action  of  the  atmosphere — for  \xk 
the  case  of  all  these  veins  free  gold  is  found  for  a  certain  depth  down — the 
gold  has  been  liberated,  and  by  the  process  just  described  they  get  from 
$3.50  to  $6  per  ton  from  the  refuse  tailings.  The  local  opinion  is  that  the 
concentrates  have  not  been  ground  fine  enough  to  let  the  chlorine  have  fall 
action. 

The  only  gold-bearing  quartz  veins  visited  by  the  Commission  in  Denisox): 
Deaiflon  town-    township  were  those  at  the  Vermilion  mine  and  on  the  Vermilion  river.     A^t 
the   former  place  the  vein  runs  east  and  west  in  a  close  grained  quartzes'^ 
dioritic  rock,  with  a  small  quantity  of  iron  pyrites  scattered  through  the  qoartiS* 
The  vein  matter  appears  intimately  mixed  with  the  wall  rock  in  stringer^ 
TennUioii  mine,  without  having  clearly  defined  walls.    The  gold  occurs  apparently  indifferentX^ 
in  the  quartz  and  wall  rock,  specimens  of  the  diorite  being  found  interlac^^ 
with  the  gold  wire.    It  is  found  in  the  qifartz  in  the  usual  manner,  imbedd^*^ 
in  branch-like  pieces  where  visible,  but  in  the  wall  rock  it  seems  generally  £ 
wire  formation.      The  gold  also  is  found  in  the  iron  pyrites  in  places,  an- 
where  visible  it  appears  in  specks.     The  vein  is  nearly  perpendicular,  and 
shaft  has  been  sunk  upon  it  about  40  feet  in  depth,  showing  a  vein  yaryin^ 
from  two  to  four  feet  in  width. 

The  vein  on  the  Vermilion  river  is  on  lot  1,  4th  con.  of  Denison.      L 
Yermiiion  River  Strikes  north  60^  east,  and  seems  to  be  about  perpendicular.      It  is  a  stroi 
location.  vein,  1 2  feet  wide,  consisting  of  white  quartz  with  reddish  tints  in  places.    I 

carries  a  little  iron  pyrites,  copper  pyrites  and  plumbago,  and  is  reported 
have  a  paying  quantity  of  gold.      This  vein  occurs  in  a  grey  dioritic  roclc  ^ 
which  forms  both  walls. 

As  yet  it  may  be  said  that  no  mining  has  been  carried  on  in  Lake-of-the- 
Lake-of-the-  Woods  district  other  than  of  a  preliminary  and  development  character,  and 
WoodB  district  ^  ^jj  ^j^^  shafts  are  filled  with  water  it  is  impossible  to  say  what  they  have 
proved.  It  may  be  said,  however,  that  the  prospects  of  paying  gold  minea 
in  this  district  are  singularly  good,  but  p^reat  care  will  have  to  be  taken 
owing  to  the  broken  and  uncertain  character  of  many  of  the  veins  or  quarts 
infiltrations  and  the  refractory  character  of  the  ore.  As  a  rule  the  quartz  is 
intimatfiy  mixed  and  connected  with  talcose  schist,  which  seems  to  occur 
chiefly  as  a  lining  to  the  vein  and  which  may  be  the  result  of  decomposition 
of  the  country  rock.  Much  of  the  quartz  also  is  iron-stained,  but  sometimes 
it  is  quite  white  and  does  not  ap|>ear  to  carry  any  mineral.  Other  varieties 
of  quartz  again  are  sugary,  and  sometimes  with  a  pinkish  tint.  Where  the 
quartz  carries  mineral  it  is  chiefly  iron  or  copper  pyrites,  and  in  places  free 
gold  is  visible.  It  is  stated  that  the  free  gold  is  only  found  near  the  surface^ 
and  that  in  depth  most  of  the  veins  carry  arsenical  pyrites  or  mispickel,. 
which  makes  it  difficult  to  treat.      Very  rich  specimens  containing  free  gold 
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irere  shown  to  the  Commission,  which  are  stated  to  have  been  taken  from 
this  region.  As  no  mining  is  being  carried  on,  we  shall  give  a  few  brief  notes 
of  some  veins  visited,  and  the  evidence  must  be  looked  to  for  further  infor- 
mation regarding  the  district. 

A  number  of  veins  are  being  opened  at  the  Sultana  property,  which  in 
many  places  appear  to  be  quartz  segregations  in  local  joints  or  t^racks  in  the  Suitana 
strata,  which  run  into  the  country  rock  at  different  angles  and  disappear, 
uid  many  of  which  carry  minerals.  The  uncertain  character  of  many  veins  is 
%  common  feature  of  this  district,  so  far  as  we  have  seen.  For  example,  in 
low  out  of  some  half-dozen  places  where  quartz  is  exposed — 

(1)  A  quartz  vein  or  *' splash"  strikes  in  a  north  20**  west  direction 
ind  dips  at  a  steep  angle  to  the  east;  it  is  two  to  three  feet  wide  and 
Qtimately  mixed  with  talcose  schist.  It  is  said  to  carry  gold,  but  cannot  be 
raced  along  the  surface. 

(2)  A  quartz  vein  occurs  in  a  grey  porphyritic  syenite  with  large  crystals 
^  felspar  and  some  quartz  and  pyroxene.  It  seems  to  be  a  local  impregna- 
on  of  quartz  some  three  feet  across  in  places. 

(3)  Ophir  Jack  opening  is  on  a  three  foot  quartz  vein.  It  runs  north  30^ 
•8t  with  the  shales,  underlies  to  the  west,  and  is  visible  for  some  distance  up  the 
ie  of  a  hill.    It  has  the  appearance  of  a  true  vein,  and  therefore  constant. 

(4)  Another  opening  striking  north  80**  west  is  three  feet  across.  It 
iderlies  to  the  north  and  cannot  be  traced  on  the  surface.    There  are  reported 

be  a  large  numl)er  of  quartz  veins  carrying  gold  on  this  property  which  we 
d  not  visit. 

On  tiie  Gold  Hill  property  a  strong  reef  of  quartz  and  talcose  schists  33 
&t  wide  strikes  north-west  and  south-east  and  dips  south-west.      A  shaft  Gold  HUi 
«  been  sunk  upon  it,  but  it  is  filled  with  water.    It  is  said  to  be  solid  quartz  P'**^"^' 
low.      On  the  surface  it  can  be  traced  some  distance  and  is  found  on  the 
her  side  of  a  small  lake.     Other  veins  are  reported  to  exist  on  this  property 
Ld  to  be  rich  in  gold,  as  is  set  forth  in  the  evidence. 

The  Winnipeg  Consolidated  property  shows  a  vein  about  two  feet  wide 
the  surface,  striking  north-west  and  south-east  through  diorite,  and  ^innip^Con- 
timately  connected  with  a  talcose  schist  as  lining  to  the  vein.  It  is  a  close- 
"Bined  sugary  quartz  carrying  mineral,  and  is  said  to  widen  below  to  four 
«t.  A  stamp  mill  was  at  work  for  some  time  on  this  property,  concerning 
hich  the  evidence  gives  infornation. 

North  of  Little  Current  the  Huronian  formation  comes  in  on  the  north 
id  of  Lacloche  island,  replacing  the  Silurian.  Several  islands  between  North  shore  of 
acloche  and  the  mam  shore  on  which  we  landed  are  composed  of  diorite, 
nartzite,  chloritic  and  hornblendic  schist,  sometimes  considerably  altered, 
he  strike  is  nearly  east  and  west  and  the  dip  about  80^  north.  As  a 
meral  thing  there  are  quartz  veins,  stringers  and  infiltrations  of  quartz  in 
ints  in  these  rocks  on  the  islands,  and  especially  in  the  schists,  some  of 
hich  carry  minerals.  At  Edgeward  island  iron  and  copper  pyrites  and 
ispickel  occur  in  the  infiltrated  quartz,  and  the  asays  are  also  said  to  have 
een  gold  and  silver.     The  rocks  of  this  island  are  compact  chloritic  schists, 
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highly  altered  and  running  into  a  close  grained  and  hard  greenstone  or  greatly 
altered  schist  at  the  north  end.     Quartzite  also  occurs  on  the  island. 

At  two  places  pointed  out  on  timber  berth  110,  on  the  mainland,  minera 
is  found  in  quartz  veins  or  stringers.  In  one  of  these  it  occurs  in  conjunctior 
with  chloritic  schist  and  quartzite,  and  in  the  other,  a  mile  inland,  in  trap 
The  first  contains  galena,  and  is  said  to  carry  gold.  In  both  cases  the  quarts 
stringers  run  with  the  rocks  easterly  and  westerly.  The  prevailing  rock 
here  is  a  schistose  quartzite. 

D.  E.  K.  Steivart — I  am  a  solicitor  living  at  Belleville.     I  have  been  iiiteresteo 

The  Feigle  and    in  mineral  lands  since  18G6,  but  did  not  attempt  regular  gold  mining  until  Wi^ 

Gladstone  mines  In  the  latter  i)art  of  that  year  I  leased   the  Feigle  mine   in  Malonc  ;  afterwards ! 

in  Marmora.  purchased  the  Gladstone  in  the  same  vicinity.  The  Feigle  is,  I  think,  on  IH  inth< 
nth  of  Marmora,  and  the  Gladstone  on  17.  I  think  1  took  about  $20,000  inguk 
from  there  ;  the  gold  was  sent  to  the  mint.  1  he  vein  is  quartz  in  syenite,  carrie 
considerable  iron  pyrites  and  is  very  irregular  in  width,  varying  from  one  to  foui 
teen  feet.  It  has  i>een  traced  some  1,200  or  1,400  feet,  and  a  great  number  o 
oi)enin;^s  have  been  made  upon  it.  There  are  two  shafts,  one  of  50  feet  and  th 
other  80  feet.  The  rock  on  both  sides  is  syenite,  the  vein  matter  chiefly  quarts 
with  mispickel  and  some  country  rock  through  it  ;  the  country  rock  is  granite. 
8imi)ly  ti-oated  the  ore  for  the  free  gold.  We  did  not  consider  the  sulphurets  ricl 
I  cannot  say  how  much  free  gold  there  was  to  the  ton.  Some  of  it  was  very  ri« 
and  some  v'ery  poor.  I  think  we  saved  pretty  much  all  the  free  Kold. '  Analya 
have  been  made  of  the  tailings,  and  they  cairy  very  little.  I  think  the  quauti 
put  through  the  mill  gave  from  $3  to  ^o{)  a  ton.  The  mine  had  been  worked  i 
years  before  I  got  it,  and  I  worked  it  about  13  or  14  months.  I  treated  a  quant 
of  ore  from  the  Gatling  or  Consolidated  at  Malone,  and  it  went  about  $14  to  t 

mine.^  ^^^  ^^^-  ^  believe  it  was  just  the  average  ore.  It  was  crushed,  concentrated  a 
amalgamated.  The  rock  was  seijt  to  us  to  make  a  test  of  it,  and  it  was  admit  1 
that  we  saved  80  per  cent  of  the  gold  the  rock  contained.  They  afterwards  put 
the  chlorinatiou  process  to  look  after  the  other  20  per  cent.,  and  that,  I  think,  v 
the  cause  of  their  failure.  Fourteen  dollars  a  t<jn  should  pay  verj'  well.  1  thi 
the  rock  at  tlie  Gatlii'g  would  average  about  »^14.  The  vein  is  from  8  to  12  or 
feet  wide,  and  carries  a  large  amount  of  mis])ickel.     We  put  through  about  70 

kef  o*re^  niispic-  gQ  ^^^^^  ^^j  ^^  Mispickel  ore  can  be  treated  satisfactorily  by  roasting  and  amalj 
mating,  and  by  working  it  that  way  I  think  the  mine  could  be  made  to  j)ay  hai 
somely.  Tiiis  would  apply  to  all  these  arsenical  sulphuret  ores  from  the  mines 
that  vicinity.  |r think  veins  of  this  kind  occur  for  a  distance  of  about  two  or  thi 
miles.  As  a  rule  gold-bearing  (juartz  varies  in  richness,  but  in  this  section  t 
veins  are  uniformly  rich.  I  think  they  run  about  $14  a  ton  as  the  ore  comes  c 
of  the  mines  ;  it  is  worth  that  to  mill.  When  it  can  be  made  to  yield  $14  per  t 
by  roasting  and  amalj^amatiiig  I  think  that  trying  to  save  more  by  the  chlorinati 
process  would  only  entiiil  loss.     The   Itichardson   mine  is  a  (quartz  vein  carryi 

mine"^*^"  copj)er  sulphuret  ;  it  is  (piitc  rich.  At  first  the  Richardson  carried  a  greiit  deal 
gold,  and  home  of  the  tinest  specimens  ever  got  in  the  world  were  from  that  rail 
I  would  not  call  the  llicliardson  ore  mispickel  ;  it  carries  no  white  ar.senical  pyrit 
There  is  any  quantity  of  that  in  the  Williams,  (iatling  and   Hawk-eye.     The  oi 

The  Consolidat-  mine  that  c;in  be  said  to  have  been  really  developed  is  the  Ccmsolidated,  and  tl 

ed  mine.  jg  down  200  feet.     Below  the  Consolidated,  on  lot  5  in  the  9th  of  Marmora,  is  a  v 

that  has  been  worked  a  little  ;  one  on  4  in  the  8th  ;  one  on  5  in  the  8th  ;  thei 
don't  think  the  vein  is  opened  till  we  reach  the  Consolidated,  where  there  are  U 
or  live  shafts.     After  that  there  is  the  Gatling  property,  then  the  Hawk-eye,  a 

Various  loca-  then  1  d«)n't  know  of  any  more  till  you  come  to  Malone,  four  miles  further  up  1 
river.  At  Malone  there  is  the  Feigle,  the  Gladstone  and  Cameron  ;  across  \ 
river  is  a  cross  vein  of  nearly  solid  sul])hurets.  Then  north  again  and  east  then 
the  Richardson,  and  one  on  lot  28  in  the  5th  of  Madoc.  At  the  Richardson  gol< 
found  in  about  every  kind  of  rock.  1  have  washed  gold  out  of  earth  about  ha] 
mile  south  of  the  Gladstone,  and  got  color  in  the  pan  ;  that  would  be  on  17  in 
10th.     The  last  mine  north  that  1  know  of  is  the  Craig,  in  Tudor.     The  Riclia 

Character  o!  the  qqh  vein  runs  east  and  west  and  dips  to  the  north  ;  the  cross  vein  at  Malone  n 

^'  the  same  way.     The  mispickel  veins  run  north  and  south.     They  are  generally 

syenite.     I  never  saw  a  vein  that  could  be  properly  called  a  contact  vein.     T 

Gladstone  was  chiefly  quartz  and  iron  pyrites,  scarcely  any  copper  pyrites  ;  on  < 
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occasion  only  I  found  a  piece  of  native  copper  in  that  vein.     1  found  a  quantity  of 

mispickel  in  one  t-haft  of  the  Gladstone.     1  was  working  in  too  many  places,  and  Workins:  with- 

had  no  capital  to  speak  of  ;  it  1  ha  I  sufficient  caj>ital  I  think  I  c;)uld  make  the  °^^  capful. 

Gladstone  i>ay  handsomely.     The  vein  was  irregular.     I  think  there  are  a  number 

of  properties  that  would  pay  if  properly  worked,  and  if  tlie  owners  would  put  their 

property  in  against  the  capital  to  develop  it.     One  great  trouble  has  been  that 

ovrneri  have  been  holding  undeveloped  i)ropertie"<  at  too  high  a  figure.     However, 

that  evil  has   to  a  certain  extent   cured   itself,  and  at  i)rcsent  owners  iva  more 

reasf»nahle.     I  do  not  consider  that  mispickel  is  a  very  hard  ore  to  treat  if  the 

jjrojMjr  system   is  a<:l<)j)ted.     A  considerable  quantity  of    goUl   was  tiiktai   out  by 

Osier,  some  S  V.>,00<)  or  .^0,000,  I  think.     He  had  a  20-stivmp  mill,  l>ut  1  do  not 

know  thac  he  worked  all  the  stamps,  I  think  he  only  worked  tivo.     There  is  a  gold  Kaladar. 

mine  at  Kalacbir,  and  1  have  it  on  good  authorit}'    that  it  yielded  87.00  to  the  ton. 

1  have  seen  some  of  the  rock  from  there  showing  good  si>ecimens  of  free  gold. 

Joha  Stewart — The  Kichardsoji-hill  i^^  the  proi>erty  adjoining  the  old  Richard- 
son pri)perty  on  the  west.  I  shipped  ore  from  there,  and  was  3Ui)erintending  annnid  Richardson-hill 
at  different  times.  On  the  foot  wall  it  wa=j  syenite  :  I  c^innot  say  what  it  was  upon  l*>^»tion. 
the  other.  The  vein  matter  was  micaceous,  and  there  was  some  diorite.  It  carried 
pyrites,  gold,  copper  i)yrites,  magaetic  iron  and  a  little  hematite,  a  good  deal  of 
dolomite  and  spar,  and  a  great  deal  of  lim  j  m  liter  associated  with  the  ore — a  mix- 
ture of  eveiything. 

Chfjrlea  Taylor. — Wo  are   at  present  taking  the  gt)ld  out  of  the  tailings  of 
the  Cmsolidatcd  mine  by  amalgamation.      Our  process  is   a  simple   ont*   and    is  The Consoli- 
not  patented  ;  it  siinjjl}*  consists  in  using  a  sodium  amalgam.     When  our  mercurj'^  dieted  mine, 
ftowors  wo  use  a  coi)per  amalgam.      I  do  not  think   we  gel  all  the  gold.     In  every 
ton  we  put  through  i  think  we  leave  S25  o?  ,s3  ) :  if  assayed  it  will  show  that.     By 
the  first  process  th3  company  adopted  I  do  not  think  they  got  more  than  S7  or  §S  a 
ton  of  concentrates,  though  it  ass  lye  1  from  8?) )  to  i<70  to  the  to:i.     The  tirst  process 
'rastopassit  through  Cornish  rolls,  th-n  it  went  thnmgh  a  lar;^'e  screen,   then  J^^^''^^!">'0'^<^ 
through  jigs,  then  it  was  put  in   a  revolving  cyiinlcr  an»i  lire  I,  the  arsenic  biiing    ^^^   »»"»?»• 
condensed  in  a  large  clumber.     The  average  gold  in  the  ore  Wiis  >5l5  to  the  ton,  and 
in  the  concentrates  833  to  .^SO,  but  it  is  >eldom  that  more  than  one-half  the  amount 
of  the  assay  is  got.     We  tiike  about  »^4.50  a  ton  ou;  of  the  tiilin^s  ;  we  put  throui^di 
about  eight  tons  a  day,  and  with  two  niMi  we  tike  out  from  .^10.>  to  Sli)0  a  week. 
We  began  working  about  the  1  itter  part  of  June,  but  water  w<is  scarce  ;  now  water 
18  plenty,  but  the  weather  is  getting  too  cold.     This  ore  was  treated  by  the  chlorina- 
tion  process,  but  the  article  tre.ited  was  not  half  burned,  and  all  the  gold  was  got  .,      .      ft     t 
out  of  the  .small  pirt  that  was  c;ilcined.     The  dust  on  the  beams  of  thr^  wall  assays  ment. 
8^U)the  ti.»n.     Tae  o.\:ide  of  iron,  if  outside  the  gold,  ])revents   the  mercury  from 
touching  it,  but  by  using  caustic  soda  the  oxide  of  iron  is  cut  fro^n  the  surface,     hi 
a  building  40  feet  .^luare  I  can  do  twice  as  much  as  they  can  do  with  all  their  works 
atDekmj,  which  cover  half  an  acre.     My  i>ulveris>r  can  be  placed  in  position  with- 
out foundation  or  anything  of  that   kind.     After  crushing  the  ore  1  would  burn  it 
and  take  out  the  arsenic,  and  then  it  W(^uhl  be  in  a  state  to  take  out  the  ijold  by  my 
process.     If  you  were  to  stamp  as  tino  ;is  ii\y  pulveriser  does  yv)U  would  not  be  able 
to  do  more  than  a  to;i  a  day,  while  I  can  }):ilveri.se  from  8   to  ii)  tons  a  day.     This 
Diachine  (occupies  but  a  sm.ill  space,  and   I  am  prepared  to  enter  into  a  contract  to 
wuah  from  8  t  >  12  tons  a  diy,  and  put  it  throu^jli  <> )  m  ?-h.     Thesj  refrac*^ory  ores 
•houkl  be  calcined  in  all  c;isei.      1  have   no-  as  yet   treated  a»y  arsenical  ore  here 
that  was  no:  treatei  before,  but  we  treited  arsonical  ore  in   Nova  Scotia.      Except 
niy  process,  I  do  not  know  of  any  by  which  it  can  be  .successfully  treate  I  :  n'M>iie  has 
treated  it  with  Ciustic  soda  b.it  myself.     Thv?  [)ro[)ortion  of  caustic  sod  i  used  is  about 
tvo  pouads  tj  the  t>n  of  witjr.      We  kojp  the  witer  u|>  to  blood  heat  an  I  o.\i«lise 
the  mercury  with  acids ;  we  als  »  use  a  lit'Ie  ni  lria^ic  acid  and  a  little  sulohur  so  ne- 
tiniis.     The  caustic  sola  will  clear  i^re  ise  fr«)ni  the  mercurv. 

E,  B.  Fralick—lh^ye  hien  in-.er>*sted  in  jninin^  atFairs  a  c  msiderable  time. 
Inl86G  I  was  interested  in  a  i^<d«l  ])roj>jrty  adjoining  the  Richardson  niin^^,  tf)  the  The  Fox  location 
louth  and  also  to  the  west.  Opt*nings  were  m  ide  an  I  we  prospected,  but  not  with  in  Madoc. 
a  great  deal  of  success.  Our  property  was  considered  very  valuable — it  w;is  known 
ai  the  Fox  property — and  subse<piently  there  was  a  great  chancery  suit  about  it. 
Aahaft  was  sunk  on  the  vein  and  we  found  c  d(»rs  of  gold,  bat  not  in  payincr 
({Ttantities.  On  the  Moira  property  to  the  jjouth  there  was  a  vein  like  a  sj>nr  run- 
ning from  the  main  Richardson  vein.  The  rock  was  chiefly  dolomite.  Thrive  were 
the  only  gold  properties  I  was  interested  in. 
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Deroch^  an^l  Burrows — We  have  a  mine  situated  on  lot  25  in  the  6th  conces- 
sion of  the  township  of  Kaladar,  in  Lennox  and  Addington,  and  about  6  miles  from 
the  Kaladar  station  on  the  Ontario  and  Quebec  railway.  It  was  discoTered  in 
1881.  3Iany  assays  were  made  showing  it  to  be  good  *^pay  rock."  In  1887  the 
owners  sent  about  three  tons  of  the  ore  to  the  gold  mill  at  Malone,  where  the  free 
gold  alone  yielded  a  bir  valued  at  865.  The  sulphureta,  which  are  known  to  be  rich 
ino^old,  were  n>t;  treated  owing  to  lack  of  proper  apparatus.  Last  year  two  shafti, 
each  30  feet,  were  sunk  exposing  the  vein  and  s  jo  wing  it  to  be  a  true  fissure  vein. 
The  matrix  is  quartz.  One  of  the  wall  rocks  is  a  chloritic  slate ;  the  other  is  a 
very  hard  conglomerate,  which  appears  to  have  been  tilted.  The  general  direction 
of  the  vein  U  aorth-east  and  south-west.  It  varies  in  width  from  five  to  twelve 
feet,  and  can  be  traced  on  the  adjoining  lots.  This  property  is  well  situated,  thsn 
is  an  abundance  of  timber,  and  excellent  water  power  on  the  Scootamatta  rivei 
which  flows  through  the  adjacent  lot. 

Wm.  Hicks — I  am  interested  in  a  gold  property  on  the  north-east  half  of  13 
in  the  2nd  concession  of  Sherbrooke.  It  wa^  discovered  in  1880  and  I  bought  it 
in  1881.  1  cannot  tell  if  it  occurs  in  a  vein.  I  spent  aboat  $120  on  the  property 
and  it  has  remai-ied  that  way  since.  The  analysis  showed  $25.10  silver  and  $128.^ 
gold.  I  was  offered  $30,000,  but  I  thought  I  should  have  got  half  a  million.  The 
vein  matter  was  very  hard,  a  kind  of  reddish  green  rock.  To  satisfy  myself  I  got 
three  more  aiialy.ses — one  of  which,  m  \de  at  Denver,  gave  from  $60  to  $30.  There 
is  a  great  deal  of  pyrites  In  quartz,  and  wherever  we  get  pyrites  there  is  sure  to  be 
some  free  gold.  I  should  have  said  the  three  analyses  I  got  made  were  $60,  |80 
and  $12S.     The  location  is  about  16  uulesfrom  Perth. 

Charles  Dobson — On  the  north  shore  of  lake  Wahnapitae  there  is  a  vein  46 
inches  in  width  that  carries  gold.  It  can  be  traced  by  the  outcrcppings  for  about 
2,000  feet,  and  runs  north  45'  east.  It  is  300  or  400  feet  back  in  the  woods  from 
the  edge  of  the  lake .  The  hanging  wall  contains  mispickel,  that  part  being  about 
three  feet  wide  ;  it  lies  under  the  granite.  On  the  foot  wall  there  is  gneiss.  The 
mispickel  averages  $860  to  the  ton,  and  the  quartz  vein  matter  $40  to  the  ton.  I 
saw  gold  on  another  location  that  Mr.  Sheppard  is  interested  in  on  the  same  lake. 
It  looked  very  well.  I  saw  a  good  deal  of  free  gold,  and  from  present  indicationsji 
would  imaj^ine  that  it  will  be  rich.  The  wall  rock  appears  to  be  especially  rich  tf 
gold.  In  the  township  of  May,  on  the  Algoma  branch,  there  are  quartz  veins  whicl 
vary  in  width  from  0  inches  to  4  feet  6  inches,  traceable  for  two  miles.  They  T0^ 
west  20'  north.  The  agsjregate  width  of  the  vein^,  which  run  parallel,  is  41  feet 
there  are  six  or  seven  veins  I  suppose.  Assays  made  at  Chicago  showed  from  $l2 
to  $134  to  the  toil.  Assays  by  Professor  Heys,  of  Toronto,  showed  within  4  dw 
of  the  same. 

George  SImw— On  lot  9  in  the   1st  concession  of  Graham  we  found  gold  thi 
OoM  in  Graham,  went  as  high  as  $1,103  a  ton  ;  there  was  a  little  free  gold  in  that.      It  appeared  t 
be  a  good  straight  vein. 

James  Stobie — Schist  seems  to  be  intimately  connected  with  gold  ;  it  seems  t 
be  the  casing.  I  have  seen  gold  in  the  diorite  near  shaft  No.  1  of  the  Vermilio 
mine.     Gold  his  also  been  found  on  lot  9  in  the  5th  of  Denison. 

FnnicU  Sperry — Gold  as  far  as  I  know  has  been  restricted  to  the  Vermilio 
mine.  1  have  made  numerous  assays,  but  cannot  find  as  much  gold  as  other  chen 
ists. 

Charles  Kettijle — I  have  a  gold  claim  in  the  township  of  Waters,  on  lots  5  an 
6  in  the  6th  concession.  The  vein  can  be  traced  200  yards,  and  is  from  20  to  2 
inches  wide.  The  first  assay  from  the  surface  showed  $28  to  the  ton,  the  next  a 
2  feet  down  832,  and  a'.  6  feet  down  $76.  These  were  not  picked  specimens,  i 
large  part  of  the  gold  was  in  sulphurets.  The  rock  is  hornblende  slate  on  V)tl 
sides. 

P.  C.  Campbell — I  am  interested  in  a  location  in  the  township  of  Waters  tha 
yields  gold,  silver  and  galena.  There  are  two  veins  upon  it.  We  sank  six  feet  oi 
the  galena  vein  and  three  feet  on  the  quartz  vein.  An  assay  from  the  surfac 
showed  42  oz.  of  silver  to  the  ton,  and  1.2  oz.  gold.  The  location  was  discoverer 
by  C.  J.  Kettyle.  No  work  has  been  done  upon  it  more  than  putting  in  a  few  shoti 
Openings  have  been  made  about  six  feet  in  the  galena  vein  and  about  three  feet  ii 
the  quartz  vein. 

R.  McCormick — In  Snider,  on  lot  3  in  the  2nd  concession,  there  is  a  quart 
vein  carrying  $i3.50  gold  and  $2.50  silver  ;  also  some  copper,  but  I  do  not  knoi 
how  much.     The  vein  is  from  2  to  2^  feet  wide. 
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Henry  Ranger — I  was  the  first  to  discover  gold  in  this  part  of  the  country  ;  it  was 
on  the  3rd  of  September,   1887,  on  lot  (>  in  the  4th  of  Denison.     I  found   free  gold  Ditcoreryof  gold 
in  two  veins  in  Denison  ;  it  was  in  quartz,  in  the  country  rock,  the  same  as  at  Ver-  |nl>«ni«on u>wm^ 
milion  mine.  1  really  found  free  gold  in  four  places  on  lot  G  ;  in  one  place  there  was 
no  quartz,  just  a  splash  of  free  gold  upon  the  common  country  rock,      g 

B.  CJiarUan — I  am  president  of  the  Vermilion   Gold  Mining  company,  which 
has  been  organised  about  a  year.     The   capital   stock  is   9240,00(>,  of  which  ()0  Vermilion  qoM 
per  cent,  is  paid  up.     About  a  quarter  of  the  stock  is  Canadian,  and  three-quarters  co™P*oy« 
Ajnerican.  Our  property  is  in  the  township  of  Denison,  in  the  district  of  Algoma  ; 
ire  have  nine  lots  of  about  320  acres  each,  altogether  between  2,700  and   2,800 
icres.     We  have  carried  on  active  operations  since  the  first  of  May,  but  have  now 
■topped  wtirk  for  the  winter.    We  have  only  done  prospecting  work  as  yet,  and  are 
not  deep  enough  to  protect  the  men  working  in  the  winter.     We  have  one  shaft  of 
40  feet,  another  of  30  feet,  and  another  of  about  20  feet ;  the  shafts  are  all  within 
&  radius  of  600  or  GOO  yards.     We  have  been  looking  principally  for  gold,  but 
have  got  a  good  deal  of  platinum,  copper  and  nickel.     The  nickel  is  combined  with 
the  copper,  but  I  cannot  tell  you  in  what  percentage.     It  would  be  impossible  to 
give  the  average,  it  varies  so  much.     One  shaft  is  all  gold  and  no  copper  ;  the  next 
■haft  shows  a  large  quantity  of  copp>er  and  some  gold,  and  considerable  platinum. 
In  the  vein  that  contains  nothing  but  gold  we  have  not  gone  far  enough  to  deter- 
mine whether  it  is  a  clearly  defined  vein.     It  is  a  quartz  vein  and  appears  to  be 
well  defined.    So  far  we  have  been  exploring,  and  not  working  with  a  view  of  getting 
a  large  return.   We  have  got  a  good  deal  of  gold  already,  which  we  have  sent  to  the 
mint  and  disposed  of — several  thousand  dollars  worth  of  gold.     The  machinery  we 
have  there  is  simply  for  exploring,  a  small  prospecting  three-stamp  mill.     Besides 
the  veins  we  are  working,  there  are  other  very  rich  indications.     1  cannot  tell  you 
how  much  we  have  spent  so  far  in  the  develo])ment,  nor  the  amount  of  gold  to  the 
ton  of  vein  matter.     The  vein  where  the  copper  is  found  is  widening  out  very 
much  of  late ;  it  is  very  irregular,  and  therefore  it  is  a  very  difficult  matter  to  tell 
the  actual  width.     The  shaft  in  the  gold  vein  is  about  40  foet  down.     It  has  been 
^larged  since  the  members  of  the  Commission  were  there,   and  I  think  is  now  10 
^Cfeet.     Free  gold  is  found  at  the  bottom  of  l.he  shaft.     We  got  out  very  rich 
*pecimens  at  the  very  la."it.     In  shaft  No.   1   we  found  arsenic,  but  only  one  assay 
Mowed  it.     The  platinum  was  got  in  this  shaft.     Tlie  property  can  hardly  l)e  said 
to  have  been  prospected  at  all,  still  some  15  or  20  veins  have   been  discovered 
ipon  it. 

A.  0.  Dujicati — My  home  is  at  St.  Joseph's  island,  and  I  am  vice-president  of 
the  Vermilion  mining  company.      The  company  was  orijanisod  last  fall,  and  got  its  Vermilion  mis' 
carter  this   spring.      B.  Charlton  of  Hamilton  is  president  and  John  Oliver  of  i»Jf  ©ompanj. 
Chicago  is  secretary.      The  capital  stock  is  ?240,000 — 55  cents  on  the  dollar  paid 
up  and  24.000  shares  issued.      Americans  hold  the  majority  of  the  stock  ;  they  are 
Chicago  capitalists. 

D.  W.  Butterfidd — My  home  is  at  Waukeegan,  111.       I  have  had  six  or  seven 
yean  experience  in  gold  mining  and  milling,  particularly  in  the  Black  Hills  district.  Vermilion  gold 
I  have  held  the   position  of  superintendent  of  the  Vermilion  company  since  the  "^°** 
lit  of  April,  1838.     My  experience  has  been  principally  in  connection  with  gold 
^iniDg,  and  till  I  came  here  I  never  had  anything  to  do  with  copper  ;  my  experi- 
ence Ims  been  all  along  with  free  milling  gold  ores.     I  have  not  seen  onoufjh  of  this 
country  to  give  an  opinion  as  to  the  minerals  it  contains.     What  properties  I  have 
•Wii are  not  developed,  but  as  far  as  I  have  seen  the  indications  are  very  good  as  to 
gold  existing  in  paying  qu-intitie-s.     The  gold-bearin;^  vein  at  No.  2  shaft  here  strikes 
north-east  and  south-west.     The  width  of  that  vein   where  we  have  worked  it  is 
from  12  to  30  inches  ;  it  is  traceable  on  the  surface  for,   I  t!iink,  about  150  feet  to 
the  east,  Tihen  it  seemingly  runs  into  the  swamp.     We  traced  it  west  of  the  shaft 
for  some  distance.     The  vein  matter  is  quartz,  carrying  gold  ;  there  is  some  inm 
pyrites,  and  perhaps  a  little  copper  pyrites.     I  think  it  carries  other  metals,  but  Minerals  in  th« 
what  they  are  has  not  been  determined  yet.     I  think  I  have  seen  a  little  galena,  f>ut  vein, 
very  little.     Occasionally  we  find  a  little  spar,  but  hardly  enough  to  bo  worth  men- 
tioning.    There  is  no  resemblance  between  the  veins    here  and    in  Dakota  ;  the 
quartz  there  is  mostly  darker,    being  stained  with  iron  and  of  a  softer  nature  ;  it  is 
not  sharp  white  quartz  such  as  is  hero.     As  far  as  we  have  gone  we  consider  the 
vein  encouraging  for  gold.     The  water  does  not  trouble  us  to  any  extent ;  during 
the  spring  we  had  some  water,  but  not  enough  to  interfere  with  our  working.     In 
this  district  there  is  plenty  of  timber  and  water  for  working.     The  timber,  of 
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course,  is  not  of  the  first  qiiality  ;  it  will  answer  our  purpose  till  we  get  into  deep 
mining,  when  we  will  have  to  get  green  timber.  As  to  the  labor  market  here,  wixei 
are  reasonable.  There  arc  27  men  on  our  pay  roll  now,  and  we  have  a  light  three- 
stamp  prospecting  mill.  I  think  we  will  find  the  facilities  for  transport  sadsfactoiy; 
we  are  well  situated  for  that,  being  only  two  and  a  half  miles  from  the  railway. 

Thomas  Frood — I  have  obtained  samples  of  gold  from  five  or  six  placeB  between 
the  township  of  May  and  east  to  Neelon,  a  distance  of  about  sixty  miles.  The  gold 
was  in  small  quantities  only,  and  the  rock  from  which  it  was  obtained  was  quatti 
and  schist ;  the  best  I  got  was  from  a  Lttle  bit  of  schist  in  the  township  ot  Neeloo. 
If  it  C'Uld  be  got  of  the  same  ([uality  as  the  specimen  it  would  go  about  98,000  to 
the  ton. 

William  Ward — The  locations  IP  and  2P,  on  the  north  shore  of  lake  Hutod, 
are  on  the  main  land  and  contain  about  330  acres.  I  was  there  last  summer  and 
we  discovered  two  veins  of  quartz.  An  assay  from  one  showed  24  dwt.  of  gold  to 
the  ton,  and  from  the  other  12  dwt.  I  f^el  confident  the  veins  run  through  both 
locations. 

James  PriKtor — I  am  interested  in  Flat  Point  island,  IP,  2P,  3P  and  4P.  I 
have  never  been  upon  the  properties,  but  I  have  seen  specimens.  The  averagei  of 
the  tests  we  have  had  made  ran  from  l^lu  to  nearly  1^,000  a  ton.  Some  of  the 
veins  have  30  per  cent,  copper. 

J.  1).  Dewar — I  reside   in   the  city  of  Toronto  and  am  a  metallurgist.     I  have 
made  tests  fur  the  Pine  Portage  people,  for  Sudbury  people,  and  for  people  all 
around.     I  have  assayed  several  specimens  for  Dobie  &.  Gordon,  of  the  Pine  Port^ 
a«{e.     The  vein  m  itter  of  that  mine  is  white  quartz,  in  places  carrying  notiiiufc  bat 
free  gold  :  there  are  many  veins,  some  of  which  carry  silver,  lead  and  gold  ;  othen 
silver  and  sulphur.     I  was  never  on  the  ground,  but  have  had  some  of  their  etult 
I  treat  specimens  by  a  process  which  brings  the  gold  to  the  surface,  and  receive  a 
great  many  specimens  to  treat  in  that  way.     I  have  visited  some  locations  on  the 
north  shore  of  lake  Huron.     There  is  one  location  on  Flat  Point  island,  another 
location  called  IP,  and  another  called  2P.     Flat  Point  island  is  norih-east  of  La- 
cloche  island,  close  to  the  main  land,  and  is  about  seven  acres  in  extent.    Some 
development  work  has  been  done  upon  it  and  good  samples  obtained.     The  whole 
island  is  a  body  of  veins  from  an  inch  to  ten  inches  wide  on  top,  but  they  get  a 
little  wider  as  we  go  down.     We  only  examined  one  corner  of  the  island,  on  the 
lake  side.     There  was  one  shaft  down  ten  or  twelve  feet.     Another  opening  five  «* 
six  feet  deep  was  made  on  the  west  side  of  the  island,  and  some  very  rich  gold  wai 
found.     There  is  really  no  division  between  the  veins  ;  they  are  stringers  runniog 
all  over.     A  vein  of  about  two  feet  runs  from  $100  to  $300  to  the  ton.     When  we 
get  down  a  little  way  there  are  vughs  full  of  little  nodules  which  cany  heavy  free 
gold.     These  vughs  occur  frequently  in  veins  over  a  foot  wide.     If  we  do  not  find 
the  nodules  we  find  yellow  or  brown  dust  containing  gold.     1  he  gold  occurs  in  the 
rock  as  well  as  in  the  nodules.     There  are  about  a  dozen  openings  made  on  the 
island,  but  all  are  not  equally  rich.     In  addition  to  the  gold  there  is  a  vein  of  cop- 
per on  the  island,  from  three  to  six  inches  wide,  on  which  is  an  opening  of  about 
ten  feet.     The  country  rock  is  all  of  a  crystalline  limestone  formation  and  is  easy  to 
work.     The  whole  island  is  really  a  vein,  and  every  bit  of  the  rock  that  we  have 
assayed  shows  gold.     There  is  nothing  one  can  really  call  wall  rock.     About  one 
hundred  yards  from  the  shore  on  the  mainland  is  a  vein  four  or  five  feet  wide  which 
contains  gold.     There  is  a  white  quartz  vein  with  specular  iron  carrying  924  a  ton 
of  gold  on  IP.     The  vein  on  2P  is  two  or  three  feet  wide,  but  none  of  it  haa  been 
analysed. 

E,  B.  BoiTmi — The  first  to  make  known  the  existence  of  gold  on  the  north 
shore  of  Uke  Superior  was,  I  believe,  Professor  (  hapman  of  Toronto,  upwards  of 
twenty  years  a^o.  If  I  remember  correctly  its  presence  was  detected  by  him  in  the 
ore  of  a  vein  at  Black  bay,  where  it  was  associated  with  galena,  copper  ore  and  some 
silver.  Shortly  afterwards  gold  was  found  a  little  beyond  the  height  of  land  west 
of  lake  Superior,  at  Jackfish  lake.  Ah  far  back  as  1660  it  was  reporteii  by  the 
Jesuit  missionaries  to  have  been  found  on  St.  Joseph's  island.  In  1852-53  one  of 
the  men  employed  by  the  late  Mr.  Molesworth  in  making  a  survey  of  the  island 
stated  that  he  had  found  gold.  At  the  request  of  the  late  Sir  Hugh  Allan,  who 
heard  of  it,  I  spent  cwo  days  looking  for  it,  and  it  is  needless  to  say  I  did  not  find 
it.  There  may  have  been  some  foundation  for  the  rumor  ;  the  gold  may  have  been 
found  in  boulaers  transported  from  some  point  on  the  north  shore.  Gold  had  been 
found  on  the  Chaudiere  river,  Quebec,  a  few  years  before  ;  a  few  yean  later  it  was 
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iBcx>Tered  in  Nora  Scotia,  and  subsequently  it  was  found  at  Madoc,  in  Hastings 

ninty,  on  lake  Superior,  Lake-of- the- Woods,  and  still  more  recently  on  the  north  Yarioas  dis- 

lore  of  lake  Huron.     It  would  thus  appear  as  if  there  was  an  almost  uninterrupted  ^l^t^^yT^^ 

dt  of  gold-bearing  rocks  extending  entirely  across  the  province  of  Ontario,  if  not  ^^id  belt,  but 

rem  the  Atlantic  to  the  Pacific  ocean.     Were  I  otherwise  competent,  so  little  has  poor  ▼eins  pro- 

leen  done  in  the  way  of  exploring  and  development  that  I  am  uot  in  a  position  to  Pond«»*«- 

jive  an  opinion  as  to  the  importance  of  the»e  deposits  to  the  province.     Gold  is 

oand  in  almost  all  parts  of  the  world,  l^ut  in  too  small  quantities  to  be  worked 

nofitahly.     In  the  neighborhood  of  Leadhills  and  W^anlockhead,  Scotland  it  has 

teen  kn  wn  for  over  three  hundred  years  that  gold  exists  in  every  little  stream, 

nit  not  in  paying  quantities.     As  recently  as  1^G0  a  few  of  the  old  lead  miners 

rould  go  occasionally  and  wash  gold,  being  induced  to  do  so  by  the  fact  that  the 

leighboring  gentry  would  i^ive  tiiem  from  three  to  six  times  its  commercial  value 

Mcause  it  was  Scottish  gold.      From  a  commercial  point  of  view  the  payment  of 

«eh  prices  might  be  described  as  idiotic.     Yet  there  are  not  a  few  of  our  cautious 

UDd  intelligent  fellow  citizens  who  have  paid  as  much  for  every  grain  of  Canadian 

pold  obtained  from  the  mining  locations  and  mines  in  which  they  have  been  induced 

x>  invent.     As  elsewhere,  so  in  Ontario,  the  poor  veins,  whether  of  c(»pper,  silver 

ftr  i^ld,  outnumber  those  which  can  be  worked  profitably.     There  can  hardly  be 

axj  doubt  but  that  in  a  gold-bearing  district  of  such  extent  there  are  8<ime  good 

reins.     But  till  there  has  been  a  demonstration  of  that  fact  by  at  least,  one  good 

Maying  mine.  I  do  not  anticipate  that  our  deposits  of  gold  will  attract  much  atten- 

ion  outside  the  province. 

Ambrose  Cyrette — On  the  Heron  bay  property  on  Pic  river,  180  miles  from 
*brt  Arthur,  a  shaft  was  sunk  55  feet.  There  is  gold  there,  and  an  assay  showed  P®'?"  ^^ 
t5y332  to  the  ton,  but  I  suppose  that  was  a  picked  specimen.  The  vein  is  quartz,  **^  ®°* 
he  country  rock  blue  slate  ;  the  vein  proper  is  about  two  feet,  and  there  is  about 
^  feet  of  vein  matter.  The  walls  ar^  clearly  defined,  and  there  is  both  gold  and 
ilver.  The  property  consists  of  3,600  acres,  but  is  not  being  worked  now  as  the 
Wnen  quarrelled  over  it.  I  have  an  interest  in  the  property,  but  never  got  any- 
biiig  out  of  it. 

Peter  MeKeUar — For  gold  there  are  the  Huronian  mine  and  a  few  locations  at 
«ke-of-the- Woods.     At  the  Huronian  about  600  or  700  tons  of  vein  matter  was  HuronUn  gold 
va  through  the  mill,  slate  and  quartz  ;  it  turned  out  $000  of  bullion,  and  abont  40  ™****' 
His  of  concentrate  worth  about  $150  a  ton.     I  sent  4^  tons  and  was  only  allowed 
loo  a  ton  for  the  concentrate.     At  the  rate  they  allowed  me  it  W'uld  have  been 
boat  $7  a  ttm  for  the  ore,  but  according  to  the  analysis  of  Hoffman  it  should  have 
«en  flO  to  the  ton.     If  the  mine  were  properly  opened  and  worked  it  could  be 
iiied  tofl5  a  ton,  but  I  think  to  work  it  at  810  or  $12  a  ton  would  be  the  most 
cofitable  way  and  would  give  the  best  return  for  the  capital  invested.     The  vein 
reworked  was  about  6  feet  and  very  regular.     There  are  other  beds  alongside  that 
ftny  as  high  as  f  133  to  the  ton  of  concentrates  ;  they  are  very  large  and  would 
EMp  immense  mills  going  if  they  carried  that  right  along,  but  only  a  few  tests 
ia?ebeen  made.     I  think  the  Huronian  will  pay  well  when  a  good  road  is  built  to  it. 
Rwre  are  other  promising  deposits  there  ;  in  one  place  there  is  a  16  foot  vein  in 
^liaA  one  can  see  a  few  nuggets,  but  it  does  not  appear  to  continue  like  the  coM°iff*ted 
Huronian.     I  examined  the  Winnipeg  Consolidated  in  the  Lake-of-the  Woods  ; 
^vein  was  about  three  feet  wide  and  they  were  down  about  70  feet.     The  qua'tz 
fiuper  of  the  vein  was  6  or  8  inches  on  the  foot  wall,  and  4  or  5  inches  on  the 
Wgingwall,  the  centre  part  being  schist.     I  did  not  test  it  and  c:innot  sav  what 
ikissayed  ;  they  claimed  it  was  high.     Near  Jackfish  bay  in  the  Huronian  slates  jackflsh  bay. 
tbne  is  a  vein  carrying  free  gold.     It  is  three  miles  back  and  carries  gold  as  high 
•i|27  to  the  ton  in  selected  samples  ;  it  is  a  strong  fissure  vein.     The  other  vein 
Aero  is  in  red  granite.     Gold  has  been  found  near  Poplar  river  not  far  from  Nipi^on  Poplar  river. 
bj :  it  was  in  a  silicious  bed  of  rock,  but  it  did  not  look  to  be  a  regular  vein.   The 
p)ld  veins  are  more  in  the  Huronian  formation,  but  one  of  t  em  is  in  the  syenite  ; 
Ate  others  are  all  in  the  slate.    The  slates  are  largely  chloritic,  the  vein  being  quartz,  oold  chiefly  in 
Aeze  is  very  little  free  milling  gold  ;  it  is  generally  combined  with  sulphurets.     In  suiphureu. 
ht  Huronian  mine  there  is  considerable  free  gold  in  places,  but  it  is  not  more  than 
OS-sixth  ;    the  rest  is  sulphurets.     The   veins  generally  occur  in  chloritic  and 
ilocise  slates.     As  a  rule  gold  veins  run  with  the  formation. 

A,  J,  OaUanaeh — A  railway  to  the  west  of  Thunder  bay  would  open  up  the 
ksfauidowan  country,  which  is  a  very  im|>ortant  country  as  far  as  gold  is  concerned. 
onderstand  from  good  judges,  practical  as  well  as  scientific,  that  the  rock  there  is 
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the  true  gold-bearing  rock.  I  sold  the  property  (169  acres)  on  which  the  Hurooii 
mine  is  located  for  $50,0 JO  cash  for  the  owners  and  I  understand  the  present  owmdi 
who  are  Canadians,  have  spent  between  fK'O.UOO  and  9150,lK)0  upon  it.  Evsi] 
thing  is  ready  to  go  on  with  the  work,  but  the  means  of  communication  are  ■oIm 
that  it  practically  prevents  work  at  all.  It  costs  about  f70  a  ton  t>o  get  mstsn 
in,  and  that  renders  the  expense  so  high  that  nothing  but  very  high  grade  ore  a 
stand  it. 

Arthur  Harvey— The  gold  ores  in  the  Lake-of- the- Woods  section  are  refa 
tory,  but  not  to  the  same  extent  as  the  ores  of  Marmora  and  Madoc.  I  have  i 
knowledge  of  the  character  of  the  veins  except  from  the  experience  gained  at  tl 
Pine  Portage.  The  ores  there  were  free  smeltmg  on  the  sui4ace,  but  down  bdc 
they  became  more  and  more  refractory.  They  contain  arsenic,  but  not  so  much 
at  Madoc.  My  opinion  is  that  the  gold  district  will  develop  even  to  a  great  erexte 
than  the  silver  district.  I  understaud  that  fair  veins  of  gold  have  been  found 
far  east  as  Shebanddwan.  I  have  seen  specimens  of  gold  from  north  of  Port  Artht 
and  I  have  knowledge  of  gold  properties  as  far  as  Heron  bay,  lake  Superior.  I  thii 
the  Lake -of- the- Woods  is  a  better  country  to  explore  than  almost  any  other  part 

J.  F.  Latimer — I  am  engaged  in  assaying  and  reside  at  present  in  Toronl 
In  about  twenty  of  the  veins  around  Lake-ot*-the- Woods  I  have  found  free  go 
by  crushing  the  rock  and  washing  it  in  the  pan.  Most  of  those  veins  were  fe 
narrow  to  work  profitably.  Perhaps  four  or  five  of  them  could  be  developed  wil 
a  fair  prospect.  These  would  average  from  $20  to  $40  or  $50  a  ton,  but  not  all  fn 
gold.  I  do  not  know  whether  they  would  go  deep.  The  deepest  opened  there  th 
1  know  of  is  the  Pine  Portage  ;  the  vein  is  about  6  feet.  They  are  down  aboi 
100  feet,  and  it  carries  gold  from  the  surface  to  the  bottom  Samples  which  I  g 
myself  that  came  from  the  bottom  would  go  $2,000  or  $3,0cX)  to  the  t«»n.  Fra 
the  top  the  best  went  something  over  $1,300.  These  would  be  selected  specima 
of  course.  I  think  it  would  average  all  through  $40  or  $50  a  ton.  There  is  oa 
siderable  free  gold.  A  good  deal  of  the  ore  is  so  refractory  as  to  require  spew 
trea'm-nt,  but  I  think  it  could  be  treated  profitably.  I  do  not  think  the  pn^ 
methods  have  been  tried.  In  the  first  place,  the  ore  requires  thorough  roastios 
a  partial  roastin£(  will  not  do.  I  think  the  best  process  would  be  to  conoentnti 
and  then  treat  it  b»r  the  furnace  process;  that  w>uld  expel  the  sulphur,  arseoii 
antimony,  et:.  I  have  experimented  with  the  furnace  process  and  have  got  neari 
a")  good  results  as  1  did  by  assay.  The  pix>3ess  is  partly  calcinini;  a 'id  pardy  fAu 
mlcal.  The  gold  regio  i  of  the  Like-of- the- Woods  extends  over  a  large  area  of  cou 
try.  I  have  taken  free  gold  from  places  over  an  area  of  40  miles  in  length  by  netil 
as  much  in  widtti.  I  Jiave  seen  specimens  said  to  have  been  taken  beyond  thti 
50  or  00  miles  to  the  east,  and  some  little  distance  further  west.  The  principi 
developments  are  at  the  Winnipeg  Consolidated,  where  they  are  down  115foei 
and  the  Pine  Portage  where  they  have  reached  100  feet.  In  the  Winnipeg  Cof 
solidated  there  is  not  much  arsenic,  but  there  is  considerable  sulphur.  Gold  thti 
is  g  ^nerally  found  in  a  quartz  vein  with  slate  on  both  sides,  or  slate  on  one  aid 
and  trap  on  the  other.  In  the  case  of  the  Pine  Portage  there  is  a  great  desl  < 
iron  pyrites,  and  there  may  be  some  arsenic,  but  there  is  not  much.  The  aneu 
occurs  in  patches,  but  speaking  in  a  general  way  there  is  not  much  of  it.  Tl 
Kewaydin  location  contains  a  gOixl  de.il  of  arsenic  mixed  all  through  it ;  oneci 
smell  it  on  striking  the  rock  with  a  pick.  Mo^t  of  the  ores  have  not  got  araeni 
but  they  are  refractory  ;  they  contain  a  great  deal  of  sulphur  and  a  little  antimoi 
and  copper. 

John  K.  Wright — I  am  a  resident  of  Rat  Portage  and  have  been  for  the  pi 
three  years.  I  have  had  experience  in  mining  for  the  precious  metals  in  the  wests 
states  and  territories.  I  own,  in  company  with  D,  B.  Burdette  of  Belleville,  eig 
locations  on  the  Lake-of -the- Woods  known  as  the  Gold-hill  mining  property,  a* 
consisting  of  906  acres.  I  have  made  careful  surface  prospecting  up'»n  it  and  ha 
found  two  well  defined  fissure  veins.  We  have  seven  openin^^s,  one  a  shaft  5  by 
and  oG  feet  deep,  another  5  by  7  and  33  feet  deep,  the  others  5  by  7  and  averagi 
about  10  feet  deep — three  npon  the  Ada  G.  vein  and  four  upon  the  Combinati( 
The  Ada  G.  runs  north  of  west  and  dips  south  about  45°,  about  16  inches  wi 
on  the  surface  and  3  feet  at  10  feet  The  hanging  wall  is  trap  and  the  foot  m 
appears  to  be  granite.  The  gangue  consists  of  talcose  slate  and  gossan  matter  m 
the  walls,  and  it  is  auriferous  from  wall  to  wall,  being  equally  distributed  throuj 
out.  The  Combination  is  a  mile  south  of  the  Ada  G.  and  parallel  to  it,  ocoi 
similarly  to  it,  and  dips  at  the  surface  about  30"*  south.     It  shoirs  more  ooane  or  fi 
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pld  at  the  surface  than  the  Ada  G.,  but  the  free  di»ip[>ears  lower  down  and  the 

|old  u  found  in  the  form  of  sulphurets.     At  one  point,  a  mile  north  of  the  pits,  tlie 

WD  opens  to  a  much  ^nreater  width.     This  is  known  as  the  Judge  Mills    location, 

,flid  it  has  been  tested  to  a  depth  of  33  feet  without  any  closiu^^  of  the  walls.     The 

AdaG.  was  prospected  and  surveyed  in  iS-^o,  and  the  CombinHti<m  lead  in  January, 

IBd'),  and  all  the  development  work  was  carried  on  during  the  summer  of  1886.   One 

fb&fb  on   the   0  )mbination  is  within  a    mile  of   Lake-of-the- Woods,  and  another 

<inie  vid  three-cjuarter  miles.     Those  on  the  Ada  G.  are  about  two  miles  from  the 

hke.    Work  was  discontinued  owing  to  a  disputed  claim.      The  Combination  vein 

lunbeen  traced  from  the  neck  of  the  petiinsula  noith  of  Moore  bay  in  a  soith- 

«iiterly  direjtion  by  Cedar  and  Gold  lakes  to  the  contact  with  the  granite,  a  dis-    ****       ^*  "' 

tuiceof  three  miles.      The  Ada  G.  has  been  traced  from  an  inlet  in  the  south-east 

vutof  Big  Stone  biy,  parallel  with  the  Coiiibinaticm,  north  of  Islet  lake  to  H(»llow 

■ke  on  the  contact.     I  tliink  both  veins  run  together  on  the  contiict,  but  a  sufficient  .  .  ,. 

nunia-ition  to  determine  this  point  has  not  yet  been  made.     A  large  number  of  ore. 

aaays  h'ive  been  made,  the  lowest  of  which  from  the  Ada  G.  yielded  1^52  a  ton. 

The  Combination  yielded  a  little  Lijrher,  and  the  average  from  both  is  about  $06 

1  too.    A  mill  test  of  2^  tons  made  at  London,   Pittsburg,  Chicago  and  Denver 

jidded  $20 J  per  t4»n,  but  this  was  from  picked  ore  and  cannot  be  considered  as  a 

idiable  te.st  of  the  veins.     At  the  surface  it  appears  as  free  gold,  the  vein  rook  being 

«I  think  partially  decomposed  by  weather  exposure.     At  a  lower  depth  the  gold  is 

band  as  a  sulphuret,    and  I  think  this   is  the   fact  below  the  line  of  permanent 

'  Montion.      I  consider  the  whole  a  free  mi'lin;:^  ore,  and  that  the  sulphides  can  be 

■  collected  and  treated  economically.     All  veins  that  I  have  seen  in  this  district  have  veiSs!*  ^ 

igeneral  course  of  10*  north  of  west,  but  they  vary  on  striking  the  line  of  cont^ict. 

TSere  are  a  great  many  cross  veins,  but  I  do  not  think  they  are  at  all  valuable  ; 

tbejare  feeders  to  the  main  veins  pointin<]c  to  the  line  of  contact. 

AUxtin'ier  McMieaon — I  am  chief  trader  of  the  Hudson  Bay  Co.  at  Rat  Portage, 
ttd  have  resided  here  eight  years.  I  have  taken  a  general  interest  in  minim;  affairs  The  Winnipeg 
kere,  havin'4  purchased  several  properties  from  prospectors  and  held  shares  in  the  ConioUdated 
Winnipeg  Consolidated  and  the  Canada  gold  mining  companies.  The  Winnipeg  ^  "^' 
GoDSolidated  was  stocked  for  $I,000,<K)0,  but  I  do  not  know  how  much  was  sub- 
ieribed.  Iac:i(ared  the  property  in  1881  and  sold  it  to  the  company  in  18'<3  ;  it 
^ooriited  of  69  acres  in  F  22  and  160  in  X  85  on  the  south-eastern  side  of  Big  Stone 
lny.  All  the  directors  were  residents  of  Winnipeg.  Work  was  commenced  on  the 
poperty  in  1883,  a  live-stamp  mill  was  erected,  a  shaft  house,  mill  house,  boarding 
Aooae,  assay  house,  blacksmith's  shop  and  other  necessary  buildings.  Work  was 
ttntinued  for  part  of  two  years  ;  a  large  quantity  of  ore  was  milled,  but  I  do  not 
knovwhat  it  jrielded.  Operations  ceased,  I  think,  in  the  early  part  of  1884,  in  the 
winter,  owing  to  the  want  of  funds.  Thirty  to  forty  men  were  employed  and  about 
$15,000  was  exf^ended.  The  mill  was  not  well  suited  for  its  work,  and  the  managers 
kad  not  a  sufficient  knowledge  of  milling  gold  ore  to  make  proi)er  use  of  the  equip- 
iMit  they  had.  The  miners  employed  in  the  shaft  were  so  well  satisfied  with  the 
iiiowiug  that  they  proi>osed  t  >  work  it  themselves,  paying  their  wages  out  of  the 
output,  and  th*9y  worked  on  this  understanding  for  a  week  or  so  when  they  (|uar- 
idkd  with  the  managers.  It  was  the  general  opinion  that  under  good  management 
He  mine  would  be  a  paying  investment,  and  the  miners  had  no  doubt  that,  had 
4e7  been  allowed  to  go  on,  thoy  would  get  their  arreHi*s  of  wages  out  of  it. 

Oiorge  Mitchell — I  am  a  conveyancer  and  mining  broker,  and   reside  at  Rat 

Fbrtsge.     I  have  had  practical  experience  in  mining  development  in  this  section,  Tests  of  the 

firticiilarly  in  connection  with  the  Winnipeg  Con3olidat^'d.      I   think  this  district  )^{{IiI,j£Jf,^ne 

Miould  be  placed  in  the  front  rank  of  gold  yielding  districts  on   the  continent.     I 

Wve  seen  free  gold  taken  from  at  least  twenty  different  veins  here.     On  the  Winni- 

pig  Consolidate  our  mill  run  gave  $48.60  clear  across  the  vein  from   tive  tons  of 

lod[  carefully  crushed.     There  was  also  a  good  de^il  of  slaty  matter  in  the  gangue, 

ad  a  good  deal  of  gold  found  its  way  into  the  tailings.     The  test  referred  to  was 

Itide  from  ore  taken  at  a  depth  of  60  feet,  and  assivys  from  average  specimens  of 

the  tame  ore  gave  9114.     A  great  quantity  of  ore  was  milled,   the  average  yield  of 

vhidi  was  $43  per  ton  as  near  as  it  could  be  calculated  ;  the  amalgam  found  in  the 

tttlings  gave  916  per  ton.     The  ore  ccmtained  a  good  deal   of  arsenical  pyrites  of 

ina.  a  little  sulphate  of  copper,  very  little  argentiferous  galena  ;  sulphurets  of  iron 

veoommon  in  gold  veins  throughout  the  district.      I  have  seen  arsenic  in  the 

Wimiipeg  Consolidated,  George  Heenan  and  Key wadin  veins  a««  shown  by  surface 

■njs.     The  Winnipeg  Consolidated  vein  was  discovered  by  Georse  Mc Vicar,  of 

Pierl  Arthur,  in  18:)!.     It  showed  about  eight  inches  on  the  surface,  where  the 
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shaft  was  sunk  ;  at  a  depth  uf  20  feet  it  pinched  to  one  inch  and  then  widened  ( 
to  two  feet,  which  width  it  carried  down  to  70  feet  ;  it  then  took  in  several  so 
stringers,  and  at  its  present  depth  (about  108  feet)  it  is  four  feet  between  the  w^i 
It  is  nearly  verticU,  but  dips  slightly  to  the  south.  The  hanging  wall  is,  I  thii 
talcose  slate,  which  also  carries  g  Jd  in  small  quantities  next  the  vein  ;  the  foot « 
is  trap.  The  vein  appears  in  stnggling  form  at  the  bay,  and  has  been  traced alx 
600  feet  10"  to  15"  south  of  east  of  the  shaft. 

Robert  Bunting — I  live  at  Rat  Portage,  and  own  the  Woodehuck  gold  locati 
in  company  with  John  Little  of  Selkirk.  The  propeity  is  on  Clear  Water  bay,  Lsl 
of-the- Woods,  being  7 IP,  and  consisting  of  33 J  acres.  The  vein  was  discovered 
1883  ^y  Little  and  Joseph  Thompson.  I  ac(|uircd  an  interest  in  the  propei 
about  four  years  ago.  The  vein  is  about  eight  inches  wide  at  the  top,  and  at  the  de] 
of  16  feet  it  widens  to  four  feet.  Two  pits  were  sunk  about  three  years  ago,  on( 
feet  deep  and  the  other  16  feet.  The  ore  shows  free  chilling  gold,  a'ld  is  ess 
extracted  by  burning  and  poundin:^.  I  have  never  had  an  assav  made  and  do  i 
know  what  it  wo  ild  yield,  but  it  is  well  distributed  throughout  the  vein  matter. 

])r.  Henson — I  have  resided  at  Rat  Portage  about  nine  years  and  am  amedi> 
practitioner.  I  was  one  of  the  fir^t  to  explore  for  gold  in  this  region,  commend 
in  1879.  Along  with  William  Gibbons  I  made  the  second  discovery  of  gold,  whi 
was  on  Boulder  island  in  Lake-of- the- Woods.  The  first  was  made  a  few  wef 
before  on  Hay  island.  I  also  discovered  the  Manitoba  Consolidated  on  the  noi 
side  of  Clear  .Water  bay,  being  on  the  Argyle  lead.  A  half  interest  in  the  Boulc 
island  location  was  given  to  Alexander  Manning  and  others  of  Toronto  on  C'>nditi 
of  erecting  a  five-stamp  mill  and  opening  the  vein.  The  vein  was  stripped  abc 
75  feet  and  a  lot  of  fine  free  gold  taken  out,  but  the  mill  was  run  only  four  day 
work  then  ceased,  but  for  what  cause  I  do  not  know.  The  mill  was  taken  aw 
and  the  property  has  reverted  to  Gibbons  and  myself.  It  consists  of  5^  aci 
which  was  purchased  from  the  Crown  Lands  department  for  $1  per  acre.  T 
patent  has  not  issued  because  the  island  is  in  the  Keewaydin  Lumber  Co 
limit.  The  Manitoba  Consolidated  was  opened  about  six  years  aso  by  the  Manito 
Consolidated  Co.,  of  which  Hugh  Sutherland  was  president.  The  nominal  c^>il 
was  82,000,000.  I  got  for  my  share  a  certificate  of  $20,000  stock,  non-assfssabl 
I  do  not  kuow  how  much  of  the  stock  was  paid  up.  A  shaft  was  put  down  besi* 
the  le  id  a  depth  of  about  75  feet.  The  vein  is  nearly  north-east  and  south-wei 
is  four  feet  wide,  and  nearly  vertical ;  it  consists  of  white  quartz  containing  fr 
gold  and  a  little  silver.  As  the  vein  is  at  the  water's  edge  it  was  intended  to  sii 
the  shaft  alongside  it  to  a  point  below  the  water  level,  the  cliff  being  75  feet  big 
but  just  when  the  proper  depth  was  reached  the  work  was  discontinued  ;  I  do  n 
know  for  what  cause,  but  think  it  was  for  want  of  funds.  I  saw  specimens  of  go 
taken  from  a  location  on  Seine  river,  Canadian  side,  in  the  possession  of  Mr.Piue 
Indian  agent  at  Fort  Francis  ;  it  was  quite  rich  in  free  gold. 

S.  J.  Daxoson — The  Lake-of-the- Woods  discoveries  are  something  wonderfi 

The  Lake-of-the  I  have  followed  the  vein  in  one  case  over  half  a  mile,  and  in  pieces  broken  off  wi 

Woods  a  hammer  specks  of   visible  gold  were  shown.     The  vein  was  three  or  four  fe 

wide  ;  the  character  of  the  gangue  was  quartzi'e,  very  hard  but  in  some  psi 

decomposed.     A  i^ood  deal  of  development  work  has  been  done  at  the  Sultana  aii 

and  at  the  Pino  Portage  mine. 

George  Heeihan — I  have  lived  at  Rat  Portage  since  1878,  and  have  been  mc 
or  less  occupied  in  exploring  for  miner  ils  since  that  time.  1  have  seen  varic 
kinds  of  minerals  on  Lake-of-the- W.»ods,  such  as  gold,  galena,  antimony,  nati 
copper,  and  I  am  sati-fied  that  plumbago  exists  v\  considerable  quantity,  but  I  hi 
been  interested  only  in  gold.  I  am  provisional  director  of  the  Ontario  Mining  C 
which  owns  nearly  the  whole  of  Sultana  island  and  its  extension  on  the  main  lai 
ab  >ut  070  acres,  part  owner  of  the  Keewaydin  location  and  of  the  George  Heen 
both  on  Hay  island,  of  a  location  on  Shoal  lake,  and  several  others  on  which 
development  has  been  made.  The  Ontario  company  is  not  yet  incorporated,  I 
about  15  persons  are  interested  in  it,  mostly  residents  of  Winnipeg  and  St.  Pa 
Some  45  veins  have  been  found  on  the  Sultana  location,  but  openings  have  b< 
made  on  not  more  than  15  of  them.  The  location  is  veined  like  a  checker  bo 
with  east  and  west  and  north  and  south  courses ;  the  courses  are  not  regal 
The  width  varies  from  4  to  7  feet  and  the  dip  is  nearly  vertical.  The  veins  oc 
in  (granitoid  rock,  and  are  quartz,  containing  free  gold  in  the  western  part  of 
island.     On  the  eastern  side  the  veins  do  not  appear  to  contain  as  much  free  g< 
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Irat  I  think  the  east  s'de  is  equally  rich.     No  assays  have  yet  been  made,  but  we 
find  gold  in  all  washings  of  decomposed  vein  rock. 

F,  Miller — I  have  visited  every  location  in  the  vicinity  of  Lake-of-the- Woods, 
and  some  of  them  1  think  will  turn  out  very  well.  The  Pine  Portage  I  look  upon  Wne  Poruge 
M  the  best.  There  is  an  enormous  vein  there,  over  20  feet  wide.  On  that  property  "P««*™«"** 
there  are  not  leas  than  seven  veins.  I  took  avera^ie  specimens  weighing  about  150 
pounds,  and  by  pounding',  amalganoating  and  crushing  I  got  not  less  than  $143  a 
ftm.  The  ore  is  refractory  upon  the  surface,  containing  antimony,  lead,  copper, 
Bncblende  and  arsenical  iron  pyrites.  I  detected  one  or  two  little  specks  of 
nittbum.  By  concentrating  the  ore  and  then  treating  it  as  refractory  along  with 
Ind,  is  in  my  opinion  the  best  plan  of  working  it. 

GYPSUM. 

The  gypsum  beds  of  Ontario  are  found  in  the  Onondaga  formation, 
and  almost  altogether  in  the  valley  of  the  Grand  river  from  Paris  in  Brant  Location  of  the 
ecMinty  to  a  point  a  few  miles  below  Cayuga  in  Haldimand.  It  is  found  so 
abundantly  near  Paris,  in  France,  that  it  is  commonly  known  as  plaster  of 
Fkffis,  both  in  the  ground  and  the  calcined  state.  It  is  composed  of 
Knu)  and  sulphuric  acid,  and  hence  is  called  also  sulphate  of  lime.  These 
elements  make  it  valuable  as  a  fertiliser,  and  the  greater  part  of  what 
has  hitherto  been  produced  in  Ontario  has  been  used  for  this  purpose. 
Within  the  last  two  or  three  years,  however,  calcining  works  have  been  Uses  of  fr/psum. 
itarted  at  Paris  and  in  the  vicinity  of  Cayuga,  where  the  manufacture  of 
ealcined  plaster  and  alabastine  is  carried  on.  The  calcined  plaster  used  in 
Ontario  has  up  to  the  present  been  supplied  almost  wholly  by  Nova  Scotia 
and  New  Brunswick  ;  but  as  an  excellent  article  is  now  being  made  on  the 
Onnd  river,  at  points  convenient  for  shipment  by  railway,  the  manufacturers 
believe  that  they  soon  will  be  in  a  position  to  displace  the  Maritime  provinces 
plaster  in  the  Ontario  markets.  Two  grades  of  gypsum  are  found  in  the  whit«  and  gnf 
diftrict,  the  white  and  the  grey  ;  the  latter  occurs  at  Paris,  and  both  in  the 
beds  lower  down  the  river.  The  grey  gypsum  is  used  chiefly  as  a  fertiliser,  it 
bong  unsuitable  in  color  for  alabastine,  stucco  or  any  kind  of  ornamental  work  ; 
tbe  white  answers  for  any  purpose,  but  should  the  demand  increase  it  will 
donbtless  be  used  chiefly  in  the  arts  hereafter.  Large  quantities  are  so  used 
Bithe  United  States,  the  greater  part  being  manufactured  from  imported  stone, 
la  1886  the  product  of  calcined  plaster  in  that  country  was  72,200  short  Production  i» 

.  .  .  .    the  United 

(oni,  of  which  46,000  tons  was  made  from  imported  stone,  and  in  1887  it  sutes. 
leached  81,000  tons,  of  which  54,000  tons  was  from  imported  stone.  The 
total  product  of  land  plaster  in  1887  was  106,000  short  tons,  of  which  61,000 
^  was  made  from  import^'d  stone.  The  chief  sources  of  supply  in  the  United 
States  are  the  deposits  in  Michigan  and  Ohio ;  but  gypsum  has  also  been 
bond  in  Dakota,  Colorado,  Wyoming  and  California.  Owing  to  the  distance 
<if  the  western  quarries  from  market,  however,  it  is  only  in  California  that  the 
ihdoatrj  has  developed  to  any  extent.  Gypsum  will  not  bear  long  trans- 
portation, either  in  the  crude,  ground  or  calcined  state,  especially  in  the 
cnda 

The  gypaam  deposits  on  the  Grand  river  occur  with  layers  of  dolomite 
ad  ahale,  and  ore  usually  in  the  form  of  mounds  or  hillocks  of  diameters  Occurrence  of 
ttDging  from  a  few  yards  to  half  a  mile,  from  three  to  seven  feet  in  thickness  gypsum. 
•ft  the  oentie  and  gradually  thinning  off  towards  the  circumference.     The 


120 


overlying  strata  rest  conformably  upon  these  mounds,  so  that  the  presence  of 
a  gypsum  deposit  in  a  locality  may  be  determined  by  the  mound-form  of  the 
surface.  The  beds  are  never  continuous  for  long  distances,  the  gypsum  being 
found  almost  always  in  lenticular  masses. 

Various  theories  of  the  origin  of  gypsum  are  entertained  by  geologitUu 
fliaoriei  of  By  some  it  is  supposed  that  it  has  been  produced  by  the  action  of  acid  waters 
I7pwm.  upon  the  calcareous  strata  through  which  they  pass,  forming  a  sulphate  ol 

lime  which  might  be  deposited  in  dome-shaped  masses  at  the  surface  like  Um 
cone  of  a  volcano ;  but  in  the  opinion  of  Sir  William  Logan  the  beds  on  thi 
Grand  river  seem  to  have  been  in  all  cases  contemporaneous  with  the  shalei 
and  dolomites  in  which  they  are  interstratified,  and  to  have  no  connection 
with  the  acid  springs  of  the  present  time.  The  hillocks  in  which  the  gypsun 
occurs,  he  thought,  appear  to  be  due  to  the  fact  that  the  masses  of  gypsum,  oi 
hard  beds  immediately  overlying  them,  have  resisted  the  denudation  to  % 
greater  extent  than  the  softer  argillaceous  strata,  which  seem  elsewhere  to 
make  up  a  great  portion  of  the  formation.  The  fact  that  dolomites,  magnesian 
marls  and  limestones  are  invariably  found  associated  with  rock  salt,  gypsum 
and  anhydrite  (the  waterless  form  of  sulphate  of  lime),  have  led  some 
geologists  to  suppo&e  that  they  are  the  conjoint  products  of  chemical  reactiona 
in  which  they  have  severally  had  part.  The  rock  salt  and  gypsum  form 
lenticular  masses,  or  else  appear  through  the  enveloping  strata  in  strings  oi 
veins.'  In  a  salt  lake  or  enclosed  sea  subject  to  excessive  evaporation  the 
reaction  of  bicarbonate  of  lime  on  sulphate  of  magnesia  may  produce  gypsum, 
and  the  gypsum  and  salt  readily  separate  from  highly  saturated  waters.  The 
layer  of  gypsum  near  Sandusky,  in  Ohio,  is  believed  by  the  Ohio  geologisti 
to  have  been  deposited  in  a  closed  and  shallow  sea,  and  they  reject  the  theorj 
of  spring  formation  as  untenable.  Prof.  Prestwich  also  leans  to  the  theory 
of  separation  and  deposit  in  an  enclosed  sea,  and  mentions  the  remarkabl 
case  of  the  artesian  well  at  Sperenberg  where  the  bore-hole  passed  througl 
283  feet  of  gypsum  and  anhydrite  and  3,769  feet  of  rock  salt.  But  he  add 
that  while  wo  may  form  some  notion  of  the  chemical  reactions  which  led  t 
>  the  deposition  of  those  beds,  it  would  seem  that  the  conditions  under  whic 
they  were  effected  must  have  been  very  different  from  anything  of  which  n 
4Mgin  of  the  have  any  experience.  In  explaining  how  the  dome-shape  of  gypsum  may  hai 
been  caused.  Prof.  Prestwich  describes  what  takes  place  by  the  action  of  unde 
ground  waters  on  anhydrite — the  waterless  form  of  gypsum.  •*  As  the  wat< 
of  hydration  in  gypsum  amounts  to  more  than  20  per  cent.,  when  U 
anhydrous  sulphate  of  lime  passes  into  the  hydrated  sulphate  a  great  increai 
of  bulk  takes  place,  and  this  is  effected  with  a  force  analogous  to  that  * 
freezing  water.  Such  is  the  underground  force  that  the  anhydrite  will  und 
these  circumstances  lift  masses  of  strata  into  dome-shaped  hillocks,  sometim* 
of  considerable  size.  Some  instances  have  been  described  in  which  tl 
enclosing  strata  are  thrown  up  vertically,  or  are  even  reversed,  by  the  aid 
of  the  mass  of  gypsum."''*'  Assuming  the  Grand  river  gypsum  to  have  h&^ 
deposited  as  an  anhydrite,  the  hillock  form  is  readily  understood  upon  tfa 
theory. 


orm. 


•  Prof.  Preatwioh'g  Geology,  Vol.  I,  p.  116. 


David  Brown — ^The  Alabastine  Co.  of  which  I  am  president  was  organised  about 
three  years  ago  with  a  capital  of  $28,000.     The  shnreholders  are  partly  Americans  The  Alabastioe 
ind  partly  Canadians,  but  the  greater  part  of  the  stock  is  held  in  Canada.     There  ^^a*"^  ^ 
ii  a  company  of  the  same  nams  in  the  United  States  ;  they  own  the  patent  there 
and  we  control  it  in  Canada.     We  manufacture  land  plaster,  c^ilcined  plaster  and 
alabastine  ;  we  have  also  just  commenced  the  manufacture  of  plastico  under  another 
pate'it.     We  have  05  acres  about  two  and  one-half  or  three  miles  below  Cayuga, 
which  yields  white  gypsum.     We  are  mining  there  but  are  manufacturini;  at  Paris. 
The  bed  of  gypsum  is  about  four  feet  thick,  but  more  in  some  places  and  less  in 
others.    We  mine  from  a  shaft  sunk  on  an  incline.     Tlie  gypsum  is  brou«»ht  from 
there  to  Paris,  where  it  is  manufactured  into  calcined  plaster,  alal>astine  and  land 
plaster.    We  have  not  yet  had  time  to  devote  to  the  land  plaster  trade.    T  he  object 
of  the  company  is  more  for  the  nianutacturing  of  alabastine,  and  we  have  been  ^Jjjj^  ^  *^ 
pushing  that.  The  calcined  plaster  has  given  satisfaction  as  far  as  it  has  gone  ;  there 
is  DO  reason  why  it  should  not,  as  the  material  is  all  rit^ht.     Nova  Scotia  supplies 
most  of  the  plaster  that  is  used,  and  it  is  somewhat  difficult  to  replace  it.     PListioo 
is  for  mouldings  and  such  work,  about  the  same  as  stucco,  but  1  cannot  say  much 
about  it  as  we  have  only  just  commenced  to  make  it.    To  make  abalmstine  we  select 
the  gypsum,  screen  and  calcine  it,  then  mix  it  with  several  iugredicnts  that  are 
secret.    The  quantitie.-^  are  measured,  ground  and  mixed  by  macliiuerj*,  so  that  it 
is  exact  and  uniform.    It  is  put  up  in  ])ack-*ges  of  about  five  jx)unds  each,  and  twenty 
in  a  box,  and  is  sold  that  way  to  the  trade.     Alabastine  will  cover  twice  the  space 
that  the  same  amount  of  calsomine  will.     It  can  also  be  used  as  a  ]>rimer  for  paint. 
During  the  list  two  years  we  have  sold  about  75  t  >ns  a  season,  and  we  expect  to  ThePaHs 
•ell  100  tons  this  year.     The  gypsurn  of  the  Paris  mines  is  grey.     It  is  about  100  gJTwum. 
feetuutier  the  surface,  and  we  mine  by  striking  it  from  the  f(*>t  of  the  hill.     The 
bed  is  from    four  and  one-half  to  six    feet    in   thickness.       We    make    our   land 
Ttlaster  altoajerher  from  the   materiHl  found  here.     Our  sales  of  pLister  for  the 
last  three  or  four  years  have  been  about  1,500  t<ms.    We  don't  make  more  than  400 
or  500  tons  of  white  land  plaster.      About  2,500  tons  would  be  the  t*)tal  gyjisum  we 
use  in  a  year.     The  land  plaster  is  sold  as  a  fertiliser,  and  we  contend  that  th^  grey 
plaster  is  the  better  for  that  purpose.       I  don't  think  there  is  any  fertiliser  that  is 
to  good  and  costs  so  little     All  our  sales  are  made  in  Canada  ;  wo  have  not  shipped  ^*'"*®**- 
any  gypsum  to  the  States  for  a  number  of  years.     Our  land  phvster  trade  is  limited 
to  Ontario,  but  the  alabastine  goes  all  over  the  Dominion.     The  calcined  plaster  is 
eold  only  in  Ontario  and  Manitoba. 

AUxatuUr  GiU — I  have  been  engaged  in  the  plaster  business  for  twenty-four 
Tern.  When  I  went  into  the  busine^'s  in  I8G4  it  was  altogether  a  retail  business.  Early prodnetioa 
In  1865  we  shipped  1,200  tons  of  gypsum.  In  1866  we  ran  it  up  to  4,200  tons,  q|^|[^**™* 
ibout  2,000  tons  bting  retail.  In  1867  we  ran  up  to  8.500  tons,  the  retail  trade 
^oing  tlown  to  1,600  tons.  Next  year  the  business  went  to  10,400  tons,  and  after 
that  it  kept  going  down  till  in  1875  it  was  only  4,300  tons.  I  went  out  of  the 
business   then,  but  after  various  changes  myself  and  Mr.    Brown  acquired   the 

rtiperty.  Land  plaster  does  not  sell  as  well  as  it  used  to  ;  twenty-three  years  ago 
loaded  teams  from  Owen  Sound,  but  to>day  we  cannot  send  it  there  at  all.  Then 
^e  price  at  the  mills  was  the  same  as  now,  84.50  a  ton.  When  a  pt'rson  takes  ten 
^twelve  tons  we  sell  it  at  $4  a  ton.  The  wholesale  j>rice  on  the  cars  is  $3.75.  If 
ye  sold  the  same  quantity  as  formerly  we  could  make  more  money,  under  the 
improved  WAy  we  have  of  handling  it.  Formerly  it  took  thirteen  men  to  run  the  J^Jy™** 
mill  night  and  day,  but  now  we  can  run  it  with  three  men.  We  use  water  power 
altngother.  We  used  to  pay  8  >  and  90  cents  for  mining  here.  At  Cayuga  it  costs 
^  about  $1.10.  We  claim  that  our  g^-psum  makes  as  good  alabastine  as  the 
-American. 

Bobert   fwlenny — I  have  been  engaged  in   mining   plaster  for  twelve   years, 
^thin  the  last  four  yean  I  have  been  eng;iged  in  the  manufacture  of  the  plaster.    Our  Gnnd  Rirer 
^forka  and  mine  are  about  four  miles  from  Cayuga.     I  think  it  must  have  been  forty  p****"  ^•ri^* 
jeais  since  that  mine  was  first  opened.     The  bed  of  gypsum  is  about  four  feet  thick, 
^perhaps  a  little  more.     The  Grand  River  Plaster  Works  company  have  two  mines 
We,  the  lower  being  the  Merritt  mine  ;  the  upper  was  mine  till  I  sold  out  to  them. 
The  Merritt  mine  is  worked  on  a  level  drift  without  any  incline  ;  the  Glenny  is  on 
Ma  incline  of  1  in  10  for  about  100  yards.     The  gypsum  at  the  Glenny  is  about  42  or 
<43  feet  from  the  surface  ;  at  the  Merritt  it  is  not  so  much.     The  roof  is  supported 
^rith  timber,  and  the  whole  face  is  taken  as  we  go  ;  sometimes  we  leave  a  pillar.     I 
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think  the  production  is  upon  the  decrease.     In  the  last  four  years  about  1,600  tons  a 
year  have    been   taken   out   and    disposed   of.     The   Glenny   mine  was  opened 
about  ten  years  ago,  and  it  was  the  only  one  shipping  from  here  then.    I  understand 
that  many  years  ago,  before  the  discovery  of  gypsum  in  the  States,  thousands  of  toos 
were  exported  from  liere.     We  started  calcining  and  the  systematic  manufacture  of 
stucco  last  year  ;  before  that  some  had  been  done  on  a  small  scale.     We  have  one 
kettle,  with  a  capacity  of  about  40  barrels,  a  crusher  and  a  (iitintegratur,  besides  a 
set  uf  stones.     The  weight  of  the  barrel  is  about  *250  pounds.     Our  intention  is  to 
have  it  set  about  the  same  as  the  New  Brunswick  plaster.     What  we  have  manu- 
factured has  been  as  white  as  that  made  in  New  Brunswick  and  Nova  Scotia,  and  it 
is  finer  ground.     Our  land  plaster  is  sold  in  bulk,  barrels  and  bags.     It  goes  as  far 
as  Brockville  to  the  east  and  Windsor  to  the  west.     I  do  not  know  the  cause,  but  I 
think  the  demand  for  land  plaster  is  ratlier  upon  the  decrease.     I  have  been  over  a 
good  deal  (f  Ontario,  and  never  heard  it  said  that  it  was  not  a  good  fertiliser.    It 
is  used  sometime>4  in  stables  to  fix  liquid  manure.     I  know  of  land  plaster  beio^ 
imported  from  Oswego  only.     It  is  grey,  and  I  do  not  think  it  i^  as  good  as  oun. 
The  number  of  men  employed  during  the  last  three  years  ranges  from  3  to  20. 
For  the  last  year  from  the  middle  <i  June  to  OctoV>er  we  did  not  employ  any  at  all, 
but  for  the  rest  of  the  year  wo  had  about  10  men,  two  of  whom  are  skilled  men  and 
the  rest  laborers.     The  engineer  gets  about  $1.55  a  day,  the  laboring  men  about 
$1.25  and  the  calciner  over  $2.     There  is  no  ^psum  below  the  IVferritt  mine. 
Three  miles  above  is  the  Alabastine  Co.'s  mine.     There  is  gypsum  on  the  Anthony 
farm  besfde  the  Alabastine  Co.'s  property,  but  it  is  pretty  thin  there.     The  next 
above  is  at  Mount  Healy  a  mile  below  York  ;  that  property  was  worked  last  year, 
and  is  I  presume  in  working  order  ;  it  han  been  worked  about  twenty  years.     Next 
above  that  is  \  mine  at  York  ;  I  think  Mr.  Martindale  works  it  regularly.    Hia 
mining  is  principally  done  in.  the  winter,  and  I  think  he  does  not  do  as  much  a 
formerly.     He  used  to  calcine  some,  but  has  not  done  so  lately.     His  plaster  is  of 
fair  quadity,  and  he  has  a  water  mill  for  grinding  it.     The  next  is  about  three  mile^ 
from  Caledonia,  and  I  believe  there  is  none  again  till  we  get  to  Paris.    The  one  near 
Caledonia  is  called  the  Garland  mine.     I  am  told  that  for  part  of  1887  and  18B8, 
which  would  be  the  busy  time,  about  700  or  800  tons  were  mined  there.     We  tak® 
out  the  cypsum  by  blasting  with  powder,  and  it  is  a  poor  shot  that  would  not  fet^^ 
a  ton.    I  understand  that  $150,000  is  the  capital  of  our  company.    Warren  Ackema^^^^ 
is  the  president,  and  the  head([uarters  of  the  company  is  at  N«w  York  ;  E.  ^^1 
Dodd  is  the  secretary.     We  have  sent  some  of  our  gypsum  to  Newburg,  N.  Y.    O"**^ 
of  the  1,500  tons  we  ship  about  600  tons  in  the  rock.    The  price  last  year  was  $3«  z^ 
f.o.b.  the  cars  at  Cayuga  for  ground  land  plaster.     We  sell  at  $3  f.o.b.  the  boat 
the  river.    The  rock  gypsum  sells  at  about  $1.50  a  ton.     We  ship  some  to  Clevt  la^ 
and  Erie.     There  are  several  points  on  the  American  side  of  the  lakes  where  i 
grind  plaster.     There  is  a  duty  on  manufactured  plaster  coming  into  thia  count  ^ 
but  I  don't  know  what  it  is.     In  the  States  there  is  a  duty  on  manufactured  lai^  ^ 
plaster  of  50  cents  a  ton.      The   rock   gypsum   is   free.      If  the  Wel'and   can^^ 
feeder  that  comes  up  U^  the  works  were  made  deeper,  or  a  lock  put  in  at  Dunnvill^^ 
it  would  do  a  great  deal  to  develop  the  business.     As  it  now  is,  it  costs  too  much  t  ^ 
get  to  Lake  Erie. 

L.   J.   Joliiuitoii — I  am  a  merchant  in  Caledonia  and  have  been  working    ^ 
gypsum  boil  in  the  township  of  Oneida,  three  miles  south  of  Caledonia,  for  six  years  ^ 
Garland  .worked  it  twelve  or  fifteen  years  before  I  got  it.     It  h»ts  been  worke(^ 
pretty  much  continuously.     I  got  out  last  year  about  800  tons  ;  the  year  before  I  dici 
not  get  out  any  ;  Ix'fore  that  600  or  700  tons  a  year.     We  take  the  gypsum  out- 
mostly  in  the  winter  and  stop  in  the  spring  when  the  roads  are  not  goooT    The  bed- 
averages  about  five  and  one-half  feet  thick.     In  the  bed  there  are  little  streaks  of 
blue,  but  the  gniin  is  finer  than  that  of  the  Me-ritt  mine.     Where  I  am  now 
working  it  is  solid  white  gypsum.     Under  the  j^ypsum  there  is  rock,  and  over  it 
rock  also — a  shaly  clay  rock.     We  grind  with  stones  like  wheat ;  the  power  is  water 
power.     We  sell  all  over  the  western  country,  west  of  Toronto.     I  have  Bhipp-  d  to 
the  States.     The  first  year  I  had  the  mine  I  calcined  some  and  made  a  first  dasa 
plaster;  I  made  only  ten  or  twelve  t<»n8  as  an  experiment.     I  generally  employ 
about  two  or  three  miners,  one  man  drawing  out,  and  three  or  four  men  teaming. 
The  miner  gets  70  cents  a  ton  delivered  at  the  mouth  ;  he  furnishes  his  powder,  light^ 
and  tools  ;  the  rest  of  the  laborers  are  paid  a  dollar  a  day.     I  pay  40  cents  a  ton  for 
the  drawing,  and  the  teamsters  make  about  $2.50  a  day.      Land  plaster  ia  good  in 
stables,  is  a  good  fertiliser  and  would  be  good  for  country  water  closeta. 
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IRON. 

Daring  the  trip  of  the  Commission  only  one  iron  mine  was  seen  in  Ontario 
pr^odacing  ore,  viz.,  the  Wilbur  mine  on  the  Kingston  and  Pembroke  railway,  iron  locaUoni. 
A.1]  the  other  deposits  visited  were  either  undeveloped  or  lying  idle  and  full 
o^  water.  At  the  Coe  Hill  mine  in  Madoc,  some  30,000  tons  of  ore  were 
lyrS^ng  waiting  for  a  market  The  iron  carrying  districts  visited  by  the  Com- 
XEB^ission  were :  (1)  On  the  north  shore  of  lake  Huron,  where  an  extremely  fine 
q^caslity  of  specular  and  micaceous  hematite  is  found  in  places  from  Killarney 
to  Sault  Ste.  Marie,  in  the  Huronian  formation.  No  large  deposits  have  yet 
b«»^m  opened  up  in  this  district,  but  the  indications  and  prospects  seem  to  be 
v^r*y  favorable.  (2)  The  McKellar  location  on  Antler  or  Attic-Okan  river, 
Bo^oth-west  of  lake  Shebandowan.  (3)  The  Vermilion  iron  range  in  Minne- 
sot^a,  which  extends  northward  into  Canadian  territory.  (4)  The  Madoc 
di^s^ct.  (5)  The  Kingston  district.  (6)  The  Perth  district.  The  last  three 
av-^  in  eastern  Ontario,  and  form  parts  of  the  same  iron-bearing  formatiom. 
^  ^ew  locations  are  alluded  to  briefly,  particulars  being  fully  entered  into  in 
tfa.^  evidence. 

Some  valuable  contributions  on  the  iron  ores  of  Ontario  are  to  be  found  in 
^^  publications  of  the  Creological  Survey,  amongst  which  may  be  mentioned,  Oeoiofcicai 
^■■^c>iiand  its  Ores,  Sir  William  Logan's  Report  of  1863  ;  Studies  upon  the  Ores  on  iron. 
0^  tke  Dominion  and  the  best  Modes  of  Working  them,  by  Dr.  Sterry  Hunt, 
^^  the  Report  of  Progress,  1866-69,  and  Iron  Ores  and  their  Development,  by 
^«'.  Harrington,  in  the  Report  of  Progress,  1873-4. 

In  the  north-west  comer  of  the  Wallace  mine  location,  on  the  north  shore 
®*  lake  Huron,  a  vein  or  bed  of  iron  ore  occurs  in  quartzite.  It  consists  of  i^{jJJJ^"^°* 
^^^out  eight  feet  of  banded  ore  and  quartzite.  The  ore  varies  from  crystalline 
^  compact  specular.  The  bed  may  be  traced  some  200  or  300  yards  west- 
^^rd,  and  is  but  two  feet  across  where  last  visible.  Towards  the  east  a  mass 
^^  ddfri$  and  a  steep  declivity  prevent  its  being  followed  without  exploration 
^Ofk.  Where  the  ore  is  solid  it  is  of  an  excellent  quality.  In  going  out  to 
^hi«  location  from  the  lake  shore,  diorites,  quartzites,  chloritic  and  talcose 
^hists  and  a  light  grey  quartzose  felsite  are  crossed. 

MINNESOTA     VERMILION     RANGE. 

The  Vermilion  iron  range  in  northern  Minnesota  was  visited  by  three 

^embers  of  the  Commission  in  the  latter  part  of  the  month  of  August,  to  VermiHon 

^^ftmine  its  character,  because  it  is  believed  to  extend  into  Ontario.     The 

H^odmens  obtained  and  evidence  collected  give  good  grounds  for  little  or  no 

^Otibt  that  this  is  the  fact.     The  Vermilion  and   parallel  ranges  have  been 

**^^ced  for  some  distance  on  American  territory,  runninc:  north-easterly  towards  '^  probable 

^•^^  Ontario  boundary.     In  this  direction  from  the  Vermilion  range  many  OnUrio 

^^H^tions  have  been  taken  up  on  our  side  of  the  boundary,  principally  by 

^JHericans  who  are  interested  in  iron  mining.     Ore  was  shown  us  by  respon- 

^\^  people  which  was  said  to  have  been  taken  from  the  (Ontario  side,  and 

^^e  of  which  was  of  very  good  quality.    Iron  ore  in  various  grades  of  quality 

W  been  found  in  places,  extending  from  the  boundary  past  the  Kakabeka 

^tUs  district.     It  is  altogether  probable  that   valuable   deposits   will   be 
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developed  on  the  Oatario  side,  and  it  is  of  the  utmost  importaace  that  inforiiw- 
tion  should  be  obtained  regarding  the  ores  in  this  region.  The  small  samples 
«hioh  have  been  seen  are  chiefly  of  magnetic  ore,  but  comparatively  little 
exploration  and  practically  do  development  has  yet  been  carried  on.  No  iron 
mining  can  be  successfully  undertaken  without  a  railroad,  and  if  prospecton  oi 
the  holders  of  lands  thought  a  railroad  was  sure  to  come  if  they  showed 
development  enough  to  warrant  it  there  is  reason  to  believe  that  they  would 
at  ODce  begin  work  upon  their  claims.  The  government  of  Minnesota  has  bj 
grants  of  lands  largely  assisted  a  railroad  which  is  now  pushing  northward 
toward  our  boundary.  The  iron  development  in  the  northern  part  of  the  stsls 
justifies  the  building  of  this  road,  which  is  now  carrying  to  lake  Superior  porti 
about  400,000  tons  of  ore  per  annum  from  the  mines  in  its  vicinity.  The  ore 
deposits  are  very  large  and  exceptionally  rich,  being  of  the  red  apeculsr 
variety,  and  as  a  rule  of  a  Bessemer  grade.  The  present  centre  of  this  iron 
region  is  the  town  of  Tower,  on  Vermilion  like.  Two  ranges  of  iron  are  foand 
here,  the  Vermilion,  whiuh  practically  yields  all  the  ore  at  present,  and  the 


Mesabi,  twenty  miles  further  south.  The  ore  in  the  latter  is  said  to  he  n 
magnetic,  and  is  found  in  a  blanket  or  flat  formati:>n.  Possibly  anothci^ 
I  parallel  range  occurs  to  the  north  of  Tower,  in  Hunter's  island  in  Ontaritr* 
where  iron  ore  is  found.  The  deposits  at  Tower  have  been  opened  up  ic» 
several  places,  and  are  in  a  position  to  turn  out  40,000  tons  a  month.  The^ 
are  known  respectively  as  the  Brighton,  Tower,  Ely,  Stone  and  Stnntz  mines. 
The  ore  dips  70°  north,  and  strikes  about  eost-north-Bast  and  west-south-west. 
It  varies  from  100  feet  in  thickness  at  the  Tower  mine  to  ore  bodies  of  20  to 
60  feet  in  thickness  as  worked  at  some  of  the  other  openings,  and  occurs  with 
jasper  to  the  north,  dipping  to  the  north,  and  talcose  or  chloritic  shales  on  the 
south  side.  It  is  stated  that  the  ore  always  dips  to  the  jasper  and  nnder  it, 
that  is,  the  jasper  is  found  over  the  ore.  Fig.  13  showsa  theoretical  cross- 
section  of  the  Vermilion  range,  taken  from  the  report  of  tbe  Ilinnesotft 
Geological  Survey  for  1887.  From  this  it  would  seem  that  the  strat«  of  the 
formation  have  been  folded  to  the  form  of  a  synclinal  trough,  in  the  middle 
of  which  the  ore  is  found.  If  this  be  a  true  section  it  may  be  inferred  that 
the  ore  body  is  of  limited  depth,  being  circumscribed  by  the  folds  of  the 
formation. 


At  the  North  Lee  mine,  b«lf  a  mile  sooth  of  the  Tower  mine  range  of 
tposita,  a  body  of  ore  varying  from  20  to  50  feet  wide  rans  east- north -eaat  Nortii  Lm 
id  weBt-Boath-west,  and  dips  to  the  south.  It  lies  with  Jasper  on  the  south 
ie,  and  "  soap  rook  "  or  a  close  grained  chloritic  diorite,  partly  decomposed 
Mr  the  ore,  on  the  north  side.  The  ore  is  worked  in  an  open  cut  by  stopee 
)  to  60  feet  high,  changing  to  a  jaapery  rock  at  the  end  of  the  cat ;  but  at 
this  mine  the  ore  has  too  much  phosphorus  for  Bessemer 
Fig.  13  represents  the  run  of  the  two  ore  bands 
half  a  mile  apart.  The  northern  ore  band  dips  to  the 
north,  and  the  southern  at  the  North  Lee  mine  dips  to 
the  south,  although  the  formation,  as  exposed  hefore  |„  ^ ,,,^ ^ 
reaching  the  excavation  on  the  ore,  dips  to  the  north.  '™''"- 
a'thm  lirtBki  ef  jatptT  The  formation  close  to  the  North  Lee  mine  consists  of 
i!*r  "?.  Jatptr.'j.  Ditritt,  alternate  layers  of  jasper,  grey  qnartzose  rock,  quartz  and 
>ecular  iron  ore,  making  a  very  handsome  rock,  with  white,  grey  and  red 
reaks.  These  ranges  come  to  an  abrupt  end  in  a  short  distance  as  far  as 
'acing  the  ore  is  concerned,  but 
I  a  north  easterly  direction  they  I 
it«nd  as  far  as  Ely,  a  distance  \ 
:  about  21  miles.  A  railway  fw.u.  t.aitaU.  cJiuptr.  f.  Ja^yir  and  mHou  muf  a. 
u  been  constructed  to  the  latter  j,;  om  a»d  jW*?"  ■;■'■'■■  i^  •  •  n  '  ■ 
»Qt,  a  distance  of  {IG  mites  from  Duluth,  or  70  miles  from  Two  Harbors 
a  lake  Superior,  which  is  the  shipping  port  for  ore.  At  Ely  a  Urge  mine  The  Ei;  miM. 
as  been  opened  up  during  the  year,  and  considerable  quantities  of  ore  have 
sen  shipped. 

Statements  procured  from  miners  and  prospectors  at  Tower  and  Ely  are 
Dpended,  which  give  important  information  on  the  work  carried  on  at  this  stAtemsnuoc 
ace,  as  well  as  of  explorations  farther  north  and  on  tbe  Ontario  side  of  the  progp«i^n. 
iteinational  line. 

D.  H.  Bacon— I  am  manager  for  the  mining  company  at  Tower.     The  total 
pital  of  the  company  is  ^14,OJO,O0O  all  paid  up,  and  it  owns  both  the  railway  and  Iron  mining  •* 
B  mines.     The  company  received  from  the  state  of  Minnesota  a  grant  of  5ltii,00J  ^^jT*''  "''"'•" 
rea  uf  swampland  besides  !i,Ol)J  acres  at  Two  Harbors,  ita  port  on  la  e   Superior, 
d  12,IH)i)  acres  of  minora!  land  at  Tower.     The  railway    e»t«nds  from  Duluth 
r-inigh  Two  Harbours  to  Tower  a  distance  of  915  miles,  and  recently  has  been 
bended   to   Ely   n   further   distance  of  21  milus.      It  was  completed  from  Two 
arbours  to  Tower  In  1884,  (the  Rrat  cargo  being  shipped  in  August  of  that  year), 
ci  from  Tower  to  Duluth  in  December  1886.     In  18-5  the  total  shipment  of  ore 
er  the  Una  wasT5,0l) )  tons  ;  in  18S0it  increased  to  331),  OK)  tuns  and  in  1H87  to  stalpmtnu  knd 
2,000  tons  ;  while  to  the  end  of  August,  188S,  it  was  26  l,0<)0  tons.     The  prices  re-  V^"*  "'  "'»■ 
Med  tor  the  ore  have  ranged  from  82.75  per  ton  for  low  grade  to  93.60  for  highest 
"X^l,  and  from  8^-50  for  lowest  to  83,26  tor  highest  in  1883.     The  company 
>.  ploys  1,OJO  men  in  summer  and  760  in  winter,  and  its  p'kv-roll  for  the  month  of 
X.y  last  was  S54,O0O.     Four  thousand  people  are  depending  upon  the  industry 
^  a  living  at   Tower.     On  the  developed  mines  cif   the  company  diamond  drill 
plorations  have  been  made  to  depths  of  300  to  400  feet,  showing  widths  of  ore  at 
QBe  depths  ranging  from  38  to  50  feet.     The  earnings  from  its  mining  operations 
er  and  above  all  expenses  to  May  1st,  18^8,  were  8473,li73. 

JtficAaei  O'Keefe — I  have  explored  pait  of  Hunter's  island  north  of  Emerald 
ke,  and  traced  a  deposit  of  iron  ore  for  some  distance  northward.      1  think  that  EirloHng 
passes  under  a  lake  about  five  miles  long,  as  I  found  outcroppings  beyond  the  ii""*"*  MuM. 
ike.    I  have  traced  the  deposit  a  total  distance  of  eight  miles,  and  the  width 
srisH  from  50  to  300  feet.     1  have  taken  up  a  location  of  80  acres.     The  specimens 
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Knife  lake. 


The  Chandler 
mine  at  Ely. 


I  have  from  this  location  are  very  hard,  and  one  of  them  is  jaspeiy.  I  anderBtaiuI 
that  at  one  of  the  mines  at  Tower  the  jaspeiy  ore  and  rock  was  40  to  50  feet  in 
thickness. 

James  Sheridan — I  have  explored  Ontario  on  the  north  side  of  Knife  lake.    I 
Expiorinjr  have  found  iron  ore  and  bought  a  location  there.     I  consider  that  it  is  in  the  same 

2"ifi\°  b«  "^^^  **'  Huronian  belt  as  the  Vermilion  range.  The  ore  is  mixed  with  jasper  in  the  same 
manner,  and  the  walls  are  diorites  and  chloritic  slates.  The  deposit  is  90  feet  wide 
and  assays  run  from  47  to  56  per  cent,  of  iron.  I  think  it  will  average  about  50 
per  cent,  of  iron,  and  it  is  low  in  phosphorus  and  sulphur.  It  is  a  red  hematite, 
but  somewhat  hard  and  silicious.  The  bed  can  be  traced  for  three  miles  along  the 
strike.     Only  a  small  part  of  the  country  has  as  yet  been  looked  over. 

Mr.  Sellwood — I  am  manager  of  the  Chandler  mine  at  Ely.    Work  commenced, 
regularly  •  n  our  property  last  winter,  but  previously  it  had  been  well  explored  by 
diamond  drilling.     An  open  quarry  shows  a  large  extent  of  crumbled  hematite  ore, 
and  a  shaft  has  been  sunk  100  feet  into  the  deposit  with  drifts  east  and  west  about  40(^ 
feet ;  190  miners  and  about  the  same  number  of  strippers  are  employed,  and  tlw^ 
pay-roll  is  $12,000  per  month.     The  owners  of  this  property  are  the  principal  share- 
holders of  tlie  Minnesota  Exploration  company  and  of  the  Minnesota  Mining  com- 
pany, but  the  stock  has  not  yet  been  assi  ned.     I  have  explored  the  country  6& 
miles  to  the  eastward  and  found  a  good  quality  of  black  ore. 

Mr.  Sloan,  a  Canadian  from  the  vicinity  of  Montreal,  showed  a  specimen 
Ore  specimens     of  magnetic  ore  of  very  good  quality,  found  within  seven  miles  of  the  frontier, 
and  told  the  Commission  that  he  had  seen  samples  of  good  ore  found  on  the 
Ontario  side. 

William  Sedgwick,  superintendent  of  the  Bamum  mine  at  Ishpeming, 
Michigan,  gave  information  relating  to  the  occurence  of  rich  iron  ore  on 
Ontario  territory,  on  the  north  side  of  Gunfiint  and  North  lakes,  and  pre- 
sented specimens  taken  from  these  districts.  Following  is  a  sketch  of  the 
region  furnished  by  Mr.  Sedgwick  : 


from  the  Ontario 
frontier. 


Rich  iron  ore 
In  Ontario 
territory. 


Sfenit* 


Qmkir9 


H^OY«,p 


Ounflint  and 
North  lakes 
district. 
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Fio.  15.    Sketch  of  section  of  country  in  Ontario  near  the  boundary.    Scale,  120  chains  to  ooe  inch. 

Mr.  Sedgwick  has  supplied  the  following  information  respecting  the  iron 

ores  in  the  vicinity  of  Gunflint  and  North  lakes  : 

On  the  north  side  of  Gunflint  lake  there  is  a  rich  magnetic  iron  ore  suitable 
for  making  Bessemer  steel.  It  analyses  68  per  cent,  iron,  .028  per  cent,  phos- 
phorus, no  sul|>hur  and  very  little  silica.  I  satisfied  myself  that  there  was  at  least 
25  feet  in  thickness  of  this  ore,  but  how  much  more  I  did  not  wait  to  determine,  lest 
some  one  would  take  advantage  cf  my  discovery  and  purchase  the  property  from  the 
Government  before  me.  I  also  obtained  specimens  from  drift  boulders  and  ledges 
of  good  quality  ore  at  several  other  places  on  the  north  side  of  the  above  mentioned 
lakes.  1  visited  this  locality  last  summer  and  had  with  me  an  experienced  explorer 
and  a  party  of  miners,  but  the  question  of  transport  is  such  a  serious  item  that  under 
present  circumstances  it  is  impossible  to  do  any  work  of  development.  I  consider 
that  the  only  possible  way  to  have  the  iron  worked  in  this  locality  is  to  build  a  rail. 


ro*d  ;  and  thai  before  work  enough  wsa  done  on  the  iron  ore  depoaits  to  prove  their 

■ize,  and  tbercifore  jiutiry  the  conatructinii  of  a,  railroad,  means  of  ingress  and  egn-ss  Importum  id 

ia  HD  abaolute  neceuity  and  should  at  once  be  proTided.    Thiacanbe  donacheapljby  ^^JJJ[y^' 

cuntinuiog  the  road  from  Silver  mountain  to  Wliitefish  lake,   and  making  a  good 

road  over  the  few  intervening  portages  between  Whitefish  and  North  lake*. 


'w  IS.  Fon 
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The  Blurton  iron  roiae  is  on  lot  8  in  the  Ist  concession  of  Belmont,  in 
the  connt;  of  Feterboroa^h,  and  has  been  fully  described  in  Sir  William  Biairion  inn 
g  ^  ^g   Logan's  Geology  of  Oanadii,  1863,  page  676. 

A  lar)te  and  deep  excavation  has  been  made, 
150  feet  wide  by  260  feet  long,  but  it  is  now 
filled  with  water.  A  second  opening,  also 
full  of  water,  lies  to  the  south  of  the  first, 
but  is  much  BoialJer  in  size.  On  the  east 
side  the  deposit  is  over-capped  by  Silurian 
^  limestone,  while  the  west  wall  is  a  jsspery 
«•-  J.  On  and  aemnpangiitg  rack  uuUi r.  qunrtzite.  The  strike  of  the  deposit  is  to 
th«  weat  of  north.  The  ore  as  seen  on  the  dump  is  a  rich  magnetite.  In  the 
Wnaller  pit  ore  of  a  lean  character  is  seen  dipping  to  the  north-east,  bat  else- 
^hfte  it  has  been  mined  away.  In  the  wall,  quartz  and  serpentine  matter 
predominate. 

The  Wallbridge  mine  in  the  township  of  Madoc  is  a  well-known  ore  bed 
*^  cuetlent  hematite.     A  lense  of  ore  has  been  worked  down  to  quartz  rock,  wiiibHdii«min» 
^'liich  rock  is  also  thrown  up  to  the   north-west  side  along  with  crystalline 
^nwstone.     This  deposit  has  the  character  of  the  Huronian  hematites  seen  in 
*>^Mliem  Michigan. 

The    Coe-hill    mine  is  situated  in  the  township  of  Wollaston,  in  the 
^*MiLty  of  Hastings,  at  the  northern  terminus  of  the  Ontario  Central  railway.  co»-hiii  miiM. 
''^liree  shafts  have  been  sunk  upon  the  property  along  a    i 
**VMth-eaat  and  south-west  line,  but  as  they  were  filled 
^*  ith  water  the  ore  body  could  not  be  examined.     Its 
^^parent  width  where  esoavated  seems  to  be  about  40 
*^)«t    The  dip  is  45°  south-east,  with  syenite  on  the 
*^«Dging  wall  and  diorite  on  the   foot  wall.      A   large 
^QanlJty  of  ore  {about    30,000  tons)  lies  on  the  dump. 
*^*  leema  to  be  a  rich  quality  of  ore,  but  some  of  it  car-   ssmiii.  " 

*i«i  iron  pyritea.     Fig.   17     is    a  section  of  Coe-hill  mine,  as  given  by 
Mr.Cofc 

The  rocks  north  of  Eiogaton,  as  exposed  along  the  tine  of  the  Kingston 
ud Pembroke  railway,  are  chiefly  crystalline  limestone,  gneiss  and  syenite,  FonutioDonth* 
I    Ind  11  a  role  no  diorite  or  greenstone  dykes  or  bands  are  prevalent. 
<  Oception  u  found,  however,  nearer  to  Kingston  than  the  chief  ore  deposits, 
wbare  phosphate  of  lime  is  found  in  pyroxenic  i-ock.      The  iron  occurs  with 
the  ctystalline  limestone  and  sometimes  enclosed  in  it ;  or  more  often  with 
IS  wall  of  gneiss  or  syenite  and  the  other  of  crystalline  limestone.    A  ceitaia 
loant  of  pyroxene  is  always  found  with  the  magnetic  ore.     No  hematite  has 
M  yet  boson  developed  along  the  line  of  the  railway. 
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The  Glendower  mine  is  situated  in  the  township  of  Bedford,  in  the  coant 

Olflodowermine.  of  Frontenac,  four  miles  east  of  the  Kingston  and  Pembroke  railway,  wit 
which  it  is  connected  by  a  switch  built  in  1884.  Crystalline  limestone  forn 
the  wall  rock  on  the  south  side  of  the  ore  occurrence,  and  a  coarse-gitdne 
grey  syenite  forms  the  country  rock  on  the  north  side,  but  the  limestone  foro 
the  immediate  wall  rock  on  both  sides  next  the  ore.  The  ore  is  a  magnetiti 
mixed  with  pyroxene  and  calcspar  masses.  The  bed  seems  nearly  perpend 
cular,  but  dips  slightly  towards  the  south.  The  ore  exposed  on  the  dum 
carries  a  considerable  percentage  of  iron  pyrites,  which  however  is  said  \ 
be  local ;  the  shaft  is  filled  with  water.  Ore  has  also  been  mined  as  a 
open  cut  into  the  side  of  a  hill,  where  it  occurs  as  parallel  bands  in  the  limt 
stone.  It  is  coarsely  crystalline  and  mixed  with  hornblende  in  placen,  t)i 
latter  carrying  iron  pyrites  with  it  in  the  rock.  Most  of  the  ore  at  presec 
visible  seems  to  carry  some  pyrites.  The  ore  formation  strikes  nearly  nortl 
east  and  south  west,  and  it  is  stated  that  the  belt  is  traceable,  as  indicated  b 
deposits,  for  20  miles  to  the  north-east.  The  railway  cutting  along  the  awitc 
shows  a  great  many  crystals  of  hornblende  in  the  limestone,  running  atpltoi 
in  veins  or  streaks  and  dipping  and  striking  at  all  angles. 

The  Calabogie  mine  is  in  the  township  of  Bagot,  county  of  Kenfrcw,  a 

cuabogie  mine,  the  line  of  the  Kingston  and  Pfmbroke  railway.  It  has  been  worked  for  400( 
500  feet  along  the  strike,  and,  it  is  stated,  to  a  depth  of  100  feet,  buttl 
opening  is  filled  with  water.  The  dip  is  35^  to  the  south-east  and  tfc 
strike  north-t^ast  and  south-west.  The  deposit  consists  of  a  banded  series  i 
pyroxene  schist  and  pyroxene  rock  mixed  with  much  calcspar,  micaceous  i 
places.  The  ore  occurs,  especially  in  the  lower  part  of  the  series,  bedded  i 
with  the  rock,  but  what  is  visible  is  low  grade.  Above  the  over-lying  oi 
series  is  a  thick  bed  of  greyish  and  yellowish  limestone.  It  is  the  propert 
of  the  Calabogie  mining  company. 

Calabogie   mine   No.    4,   also   the    property   of  the   Calabogie    minis 

CaUbogie  mine   company,  is  on  lot  16  in  the  8th  concession  of  Ba^ot,  a  mile  and  a  half  in 
^  '  direct  line  east  of  the  Kingston  and  Pembroke  railway.      The  ore  bed  striki 

northeast  and  south-west,  and  dips  at  a  high  angle  to  the  south-east.  Tl 
opening  is  about  20  feet  wide,  but  no  ore  is  visible  at  the  outcroppio( 
excepting  some  of  a  low  grade.  A  considerable  quantity  lies  on  the  dam 
and  is  a  compact,  glistening,  magnetic  ore  mixed  with  some  crystallv 
limestone  or  calcspar  and  a  little  dolomite  and  pyroxenic  matter,  and  a) 
iron  pyrites  in  places.  The  ore  occurs  with  hornblendic  schist,  a  gf 
quartzose  r6ck  and  a  micaceous  schist.  Felspar  is  present  in  small  crystf 
This  ore  is  said  to  have  too  much  phosphorus  for  Bessemer. 

On  lot  16  in  the  9  th  concession  of  Bagot  is  a  location  owned  by  Mr.  C 

€m  locmtion.  ^^  Madoc.  It  is  on  the  same  range  as  the  previous  mine,  and  lies  about  6 
feet  to  the  south-west  of  it.  The  ore  as  here  exposed  is  a  magnetite,  and  1 
been  shown  up  by  an  open  cut  into  the  formation,  but  as  it  was  lull  of  wa 
only  the  outer  part  could  be  examined.  The  ore  alternates  with  pyrox< 
rock  and  calcspar,  and  is  shown  to  be  20  feet  wide  by  the  cut.  It  occurs 
bunches,  the  north  side  of  the  cut  showing  a  much  larger  quantity  of  ore  tk 
!  the  south  side.    It  appears  to  be  a  good,  rich  quality  of  ore,  and  it  is  repor 
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that  this  iron  range  can  be  traced  for  two  miles  running  in  a  north-east  and 
flouth-west  direction. 

The  Wilbur  mine  is  in  the  township  of  Palmerston,  in  the  county  of 
Frontenac,  on  the  line  of  the  Kingston  and  Pembroke  railway.  There  is  an  ore-  Wilbur  miD*. 
hwnng  formation  with  gneissic  rock  for  foot  wall,  and  lying  between  two 
bands  of  crystalline  limestDne.  The  ore  occurs  as  lenses,  and  is  chiefly 
tiBociated  with  pyroxene  in  various  forms.  It  is  close  textured,  of  greyish 
y.w.  s.E.  color  and  mixed  more  or  less 

with  pyroxene.     The  strike  of 
the  formation  is  south-east  and 


^§^ 


!?.«  1Q  a^*-      #       *      .  urnu  north-west,  and   it   dips   35° 

Fio.  18.  Section  of  country  at  Wilbur  mine.  *. 

•.Crytt4aiine  limestone,     i.  Ore  formationtrith  hornblendic    ^^    *^®    SOUth-east.         Fig.      18 

matter,   m.  Granite  hiiu.   n.  Gneisg.  represents  a  section  of  couutry 

»t  the  Wilbur  mine.  Five  openings  have  been  made  within  a  distance  of  a 
quarter  of  a  mile,  in  some  of  which  the  ore  lenses  have  been  worked  out.  At 
the  south-west  end  it  is  still  said  to  be  holding  out  in  the  workings,  and  in  the 
other  direction  borings  have  been  carried  on  with  a  diamond  drill  in  the  hope 
of  discovering    other   deposits.  N.w.  s.b. 

Fig.  19  is  a  section  of  the  ore 
formation  as  seen  at  one  of  the 
openings.  Where  quartz  occurs 
with  the  ore  pyrites  comes  in, 

but  as  a  rule  no  pyrites  is  found       jr,o.  19.    e.  Crystalline  Ume.to^ie.  /.  Mixed  limeHtone  udth 

with  the  ore.      The  ore  lens  near   ^^^'^^bU^ie  fchUt    {green)      j  ore    and    hornblende    rock 
^  X,  ^.      *»*v  vrAw>  m^uo  ««v^»x    (^„^^,j  j,j  ploce^).    /».  Grey  and  reddish  gnetss.    s  Ore  bed 

the   ton    has    been    sunk    down   '-(^'^^^^^  structure  with  caldte  streaks  parallel  to   rucks). 
"  t.  Band  of  quartz  {thin),     w.  Hornblendic  schvd  and  compact 

upon  to  a  depth  of    180  feet   for   Pyroxenic  rock  with  ore  streaks. 

•n  average  width  of  about  50  feet.  The  miners  are  now  working  out  the 
ore  at  the  surface,  and  throwing  the  refuse  rock  into  the  pit  from  which 
they  say  all  the  ore  has  been  taken.  The  diamond  drill  was  occupied  in 
boring  toward  the  north-east  end  of  the  prospected  ground,  and  40  feet 
of  ore  was  reported  to  have  been  crossed,  towards  which  a  gang  of  miners 
was  commencing  to  work  from  the  outcrop.  The  drill  we  were  informed 
goes  through  40  feet  of  crystalline  limestone  per  day. 

A  number  of  hematite  locations  in  the  township  of  Darling,  county  of 
Lanark,  are  held  by  Mr.  Bell  of  Arnprior.  They  consist  of  parts  of  lots  22,  Bell's  hematit« 
23  and  24,  and  lots  26  euid  27  in  the  11th  concession,  and  lots  26  and  27  in 
the  12th.  Where  exposed  the  ore  appears  as  gash  veins  or  irregular  masses 
of  hematite,  varying  from  six  inches  to  twelve  feet  wide,  and  occurring  in  a 
breccia  of  calcspar  with  the  same  as  a  lime  matrix,  and  the  general  run  of 
the  ore  is  with  the  formation.  In  places  the  hematite  is  the  matrix  of  the 
calcspar  masses.  Openings  have  been  made  in  several  places,  but  very  little 
work  has  been  done  on  the  property.  This  hematite  carrying  formation  is 
reported  to  run  north  to  the  Ottawa  river,  near  Arnprior,  and  south  to  the 
Perth  district 

At  the  Arnprior  mine,  which  was    opened  many  years  ago,   Mr.  Bell 
states  that  10,000  or  15,000  tons  of  hematite  was  taken  out,  when  the  work  Arnprior  mine 
was  stopped  in  consequence  of  the  ore  being  cut  off  by  a  fault.      The  run  of 

9  (m.  0.) 
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the  ore  at  this  place  is  stated  to  be  north-east  and  south- west,  and  is  40  feet 
wide.     The  same  vein  is  said  to  have  been  traced  for  five  or  six  miles. 

Hematite  mixed  with  a  dark-colored  shale  occurs  near  the  village  of 
Tamwoith,  at  the  terminus  of  the  Napanee  and  Tamworth  railway,  in  the 
township  of  Sheffield,  county  of  Addington.  Several  pits  have  been  sanktfc 
points  from  20  to  lUO  feet  apart,  from  some  of  which  red  ore  has  been  taken 
out ;  but  in  every  case  the  pits  ran  into  crystalline  limestone,  which  underliei 
the  occurrences  of  ore  and  crops  out  about  200  feet  off.  The  quality  of  the 
ore  varies  from  very  lean  to  rich  hematite,  but  there  are  no  signs  of  the 
existence  of  it  in  large  quantity. 

The  Commission  had  not  time  to  visit  the  Haliburton  district,  bat  it 
will  be  seen  that  much  evidence  has  been  given  bearing  upon  it.  One  of  the 
Commissioners,  however,  has  visited  the  district,  and  from  what  he  has  sera 
and  the  information  he  has  gathered  he  does  not  doubt  that  there  are  a  large 
number  of  iron  ore  occurrences  throughout  an  extensive  section  of  that  coaiitrj* 
Some  of  the  ores  are  of  great  purity,  while  others  will  require  calcining  to 
remove  the  sulphur ;  but  development  is  needOil  to  prove  the  quantity  in 
which  they  exist.  Some  large  deposits  are  reported,  the  ore  of  which  contsini 
too  much  titanium  for  use.  Operations  are  now  being  carried  on  at  the  Hol- 
land mine,  some  account  of  which  is  given  in  Mr.  Pusey's  evidence. 

Thomas   Ledyard — I  have  been  giving  a  good  deil  of  attention  to  mining  nifc- 
tcrs,  mostly  in  Ontario  and  not  very  far  fn)m  Toronto.     We  have  large  quautititi 
uf  iron  ore  extending  over  a  considerable  space,  commencing  at  Peterhoruugh  wd 
go  mr  norih-oast  to  the  Ottawa  river,  and  commencing  at  Haliburton  and  extend  OR 
up  the  Alg  ma  district.     I  have  not  examine>l   many  of  the  locations  peno»aQyf 
but  I  have  had  many  ^pecimen8  of  ores  sent  to  me  from  all  paits  «  f  Oniario.   I 
h^ive  specimons  of  ma'^nctit>j  from  over  fifty  different  pKaces.     In  some  of  thediM 
I  know  there  are  large  deposits;  in  others  they  require  to  be   investigited.   I, 
know  of  twenty-five  different  deposits  of  hem  itit«,  some  of  them  no  doubt  ki]$e 
and  some   n'>t  sufiicicntly  developed   to   t-ell  yet.     The  proportion  in   which  the 
samples  have  come  in  has  been  about  iwo  of  ma^etiteto  one  hematite.    Theieii 
a  deposit  100  miles  east  of  Toronto,  about  six  miles  north  of  Blairton  staition,  Ceue- 
dian  Pacific  railway.     Professor  Heys  examined  it,  and  reported  it  was  a  bed  of 
m  igiictite  40'^  feet  Ions:  '^nd  250  wide  in  some  pbices.     Experts  think  300  or  4f^p 
tons  a  day  could  be  got  easily.     Mr.  Heys  made  an  estimate  tliat  there  were  a  mil* 
lion  tons   within    li)0  f  et  of  the  surface.     We   put  th'-ee   pita  down  and  serenl 
cr  -8-i-cuts,  and  it  appears  to  be  a  solid  deposit.     The  pit<  are  only  10  or  li  fee^ 
dt*ep,  and  they  seem  to  get  into  solid  ore.     Tii^re  is  no  question  but  it  is  a  eulid 
bed  of  ore.     A;*  to  the  quality,  analysis  by  Profess  *r  Chapm  n  ^vt«  inm  64.5?6| 
phosphorisa  trace,  sulpiiur  .04  ;  titanium  none.     Broadman's  analysis  givee  vrcn 
65. 3(),  sulphur  a  trac  •,  phosphorus  .01  >2,  tit-iiiium  none.     Analysis  of  the  M*^ 
Steel    Co.,   iron  60,29,     mmganose  .042,    phosphorus  .024,    silica  3.19,  titaiiie* 
n  >no,  sul  hur  none.     Analysis  by   the  Cambria  Iron  Co.,  iron  H<.H5,  ph«»J«ph<»r** 
.nOS,  sulphur  a  trace  and  si.ica  1.0  ».     To  reacii  the  mine  wcmld  r«  quire  a  spur  lio" 
of  f  'ur  miles  from  Blairton  vil'ai,'e.     The   Snovvd<m  mine  is  situated  on  los  25, 
26  and  27  in  the  4th  concession  of  SnowJnn      The  railway  runs  through  25  attd 
26  and  \n  front  of  27.     On  lot  '26  there  is  a  shaft  down  about  8()  feet  and  is  wx\^ 
be  in  gO'»d  ore.     There  are  several  ."hows  on  tlie  three  lota.     The  ore  ia  a  magiit'tJta 
On  27  th«*re  appears  to  be  a  vein  40  feet  >%ide  by  O.K)  feot  long  ;  all  over  Uw*'' 
appear  to  bd  similar  shows,  judj^ing  by  the  needle.      Ana  ysis   No.  1  of  thi*  *** 
sho  ^8  iron  62. 57,  phosphoru*  .025  and  sulnhur  a  trace.     Analysis  No.  'i,  iron  C^ 
phosphorus  a  trace  a-id  sulphur  .023.     Analysis  No.  8,  inm  62,  phoaphorus  atra*'** 
sulpriur  .025.     The  analyses  were  made  by  chemists  of  different  works  in  PiitabufS* 
In  two  hundred  t<ms  of  this  ore  there  was  hardly  any  sulphur.     There  was  niote 
sulphur  in  Pusey's  mine,  but  they  seem  to  have  got  thn>ugh  it  there,  and  down  tb* 
shaft  they  say  the  ore  is  very  free.     On  lot  *27  there  is  only  one  place  wherein 
shows  sulphur  at  all.     Professor  Chapman  made  an  analysis  of  the  ore  from  27  0^ 


of  Gfttway  aa  follows :  iron  62.87,  pliosphotua  ,01.  Bulphur  n  sight  truce. 
23  in  the  12th,  iroa  62.60,  iiiftn.jMnuse  1..^7,  phuxphoruo  .1)02  and  sulphur 
Tkce.  There  was  no  titanium  in  any  uf  thuae  crcS.  On  2-i  in  tbu  li^th 
Mara  to  be  a  large  vein  00  feet  wide  ;  it  is  a  difficult  place  to  cimmenca 
H  the  vein  Appeara  to  be  at  the  Iioltmn  of  a  creek  A  ualysis  uf  I'nifus  or 
ore  from  IG  in  the  Kith.  ir<n  O's  phu3ph<'rua  .01,  Bul]>hur  .02.  Thete 
lyiiB  from  <he  14th  conceaaiun,  I  don't  remember  the  number,  iron  70.04, 
lu  a  trace  and  sulphur  a  trace  ;  no  titiiniiiiii  in  either.  All  thnee  ores 
)  Uid  down  in  Turunto  at  a  rate  not  ezi^eodiiig  6()  •  r  'dl  cents  a  tiin. 
•Ui  J.  Piitey — I  reside  at  Irnndale  in  the  county  of  Ha^iburton,  utid  am 
in  building  railways  and  oi>ertiting  mines.  We  are  bnildinj;  the  Irundale,  Rutins]- wn- 
tuid  Ottawa  niiiiiay,  eTtendini{f.<'iu  Kiiinionnt  tnOttAwn,  It  is  an  inde- '*'''"'""■ 
line  and  there  Hre  ten  miles  gradud  and  iront-d.  It  is  being  built  lo  serve 
ral  interests  of  the  district.  I  am  presidunt  uf  the  Toronto  Iron  company, 
iBoraaniaed  in  1881.  and  the  snb'crilied  capital  of  which  is  81-^0,000.  all  paid  pr.>perttca  ot  tl 
^ipally  in  properties.  We  have  tive  lucaiions.  one  of  which  wo  lease,  Lutr.  ronro  iron 
1  are  owned  in  fee  simple.  Two  are  situated  in  Snow.lon  and  three  in  ™»P"y- 
U.  There  are  li>0  acres  in  the  lea-<ehol<I  property  and  TOU  in  the  other 
'a  have  found  minerals  in  each  of  th^se  hvu  pi-uptrties  ;  on  the  li'aseh'>ld 
miwnotic  ore,  on  the  next  lot  brown  hemaritp  and  nil  the  others  are 
.  We  have  done  s -me  devolopiueiit  on  the  leasehold  pnipcrty.  It  is 
DO  lot  26,  concession  4  of  Snowdon,  and  is  known  aa  the  Uowland  mine. 
a  operations  there  in  1880  and  have  worliL-d  i'  at;  intervals  fince.  We  are  Howl«iid  mtos 
.t  siuking  a  shaft  and  have  twelve  men  eiiiplnyed.  The  surrounding  look 
line  limi-st/>ne.  We  have  found  no  walU  yi;t,  and  therefure  oaiiuot  );ive 
lof  the  vein,  for  it  ix  a  vein  unquestionably.  We  have  found  an  iiubcrop 
feet  in  diameter.  We  sunk  a  shaft  12  by  -ii  feet,  and  arc  down  now  about 
At  a  depth  of  2S  feet  ihe  work  was  enlurgud  by  extension  b.wards  the 
walls  in  the  f<'rm  of  an  ellipse,  the  longer 
axis  of  which  is  about  (iJ  leet  and  the 
shorter  about  35  feet,  and  this  was  carried 
bo  a  depth  if  about  26  feet.  There  was 
no  wall,  but  nolid  iron  ore  and  accompany- 
ing rock.  At  the  depth  of  that  ro^im  it 
was  narrowed  dowti  to  '25  feet,  and  carrii  d 
to  B,  tulal  depth  of  65  feet  from  the 
surface.  We  are  ni>w  10  feet  btlow  that, 
I  narrowed  lo  the  size-  f  the  shaft,  niaking7o 
or  77  feet  from  the  outcrop.  The  ijuality 
-'  of  the  ore  to  far  as  its  freedom  from 
of  Hoviind  inins.  phosphorus  and  sulphur   is  concerned  is 

about  the  same  all  the  way  down,  t'Ut  it 
ita  freedom  from  rocky  matter.  The  value  of  the  ore  Ii as  increased  as  we 
e  down,  as  there  is  a  decrease  in  the  amount  of  the  less  valuable  •■te.  The 
ranges  from  55  to  (iO  per  cvnt.  of  iron,  and  i-howa  only  .00'<  of  phosphorus 
>f  sulphur.  In  the  lower  workings  there  Is  a  lai^e  prop  rtionof  iroud  ore, 
Br  up  there  wm  about  an  equal  proportion  of  low  gr»le  and  hii!h  g  ado 
nalyws  of  the  ore  have  been  mad^  by  Prof.  Chapman,  the  Cauibria  Ir-in  A"*'!*'* 
,  Booth  &  Garrett,  and  by  the  Tmy  Steel  and  Iron  company.  The  analysis 
the  last  named  company  gave  metallic  iron  09.50  and  phosphorus  .005. 
i  the  ntandard  of  ahipj>inj;  ore  at  58  or  60  per  cent,  of  ir  ii,  and  Iiave  thrown 
>at  deal  thtt  did  not  come  up  to  the  atauJard.  We  shippo  1  about  1.500 
881  and  18'2,  but  have  done  nothing  Hince  thpn  oKcei.t  about  InO  tons 
[Her.  The  Brat  named  sUipuieuts  wurem-ide  to  the  Cambria  Iron  comiHmy. 
aized  with  their  own  ore  and  the  smelting  was  veiy  satisfactoiy.  We 
T  a  contract  with  a  hiruu  steel  company  which  wiil  ue  nearly  all  we  can 
for  a  while.  Tbev  wiU  take  fnjui  ■'lOO  to  1,1)00  tons  a  month  if  the  ore 
their  mixture.  There  is  a  g'«>il  m  irket  for  our  ores  in  the  United  Stat.  s.  |„_„^jj  |,^ 
is  a  freer  working  ore  than  those  of  noithoni  -Michigan,  as  it  contains  a  tiunT 
proportion  of  Jinie.  niagnesiii  and  aluminum.  The  Imperial  mine  is 
on  lot  33,  concrsaion  3  of  Stiowdm,  on  the  south  side  of  Burnt  ri^er. 
nt  400  feet  long,  2  0  feet  in  breadth  and  about  (iO  feet  high  from  the  water 
!t  is  a  dejiosit  ui  brown  hematite.  The  general  course  of  the  wall  i^  north- 
,  Kiu>b-west.  It  occurs  on  the  north  in  icneiss  roc>t  and  on  the  south  in  a 
oa  limeatoue  formation.     On  the  east  side  the  land  ia  low,   sandy  and 
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mardfiy,  and  the  west  side  is  a  continuation  of  the  range  of  hills.  It  ai  pean  to  be 
a  solid  deposit.  We  have  gone  no  depth  into  the  hill,  but  have  tried  the  soifaet 
in  various  places.  We  liave  had  an  analysis  of  the  ore  and  it  shows  45.82  uf  metal- 
lie  iron.  Piiosphorus  is  very  low,  there  is  no  sulphur  or  titanium,  but  a  little  limft 
and  a  large  amount  of  silica.  The  analysis  made  by  the  Cambria  oomptny 
was  of  ore  that  would  be  cjuaidered  a  fair  shipping  sample.  Prof.  Chapman  mace 
an  analysis  of  the  poorer  ore,  so  that  we  might  see  what  its  bad  qualities  were.  It 
showed  30.17  per  cent,  of  iron.  The  next  property  is  beyond  the  railway  u 
constructed,  hut  is  within  a  quarter  of  a  mile  of  the  line  as  it  will  be  built.  Itii 
on  lut  .K'>,  concession  4  of  Glamorgan,  and  is  known  as  the  Pine  Lake  mine.  Itia 
a  magnetic  iron  ore,  and  runs  from  about  ^2  to  o5  per  cent.  It  is  low  in  phospbonn, 
but  has  a  considerable  amount  of  lime  and  titanium.  A  g«  od  deal  of  development 
work  has  been  done  on  it.  The  deposit  has  been  traced  about  2,000  feet  on  the 
crested  hill,  and  in  some  places  the  vein  is  200  feet  wide,  but  it  will  aveiage 
a'jout  10<»  feet.  In  tlie  break  in  the  hill  where  the  vein  is  shown  it  is  about  tO^ 
feet  wide.  It  uontuins  about  9  per  cent,  of  titanium,  and  is  practically  valuele» 
unless  it  can  be  used  with  our  other  ores  for  home  manufacture  ;  it  would  not  do 
for  shi]>ment.  An  ex-imination  of  the  nnne  ut  i'ine  lake  will  satisfy  anyone  that  it 
is  not  a  pocket,  and  if  th  tt  >s  not  a  pocket  there  will  be  other  depiisi^s  of  iron  that 
are  not  pockets.  We  have  never  found  it  necessary  to  go  more  than  five  feet  down 
to  strike  ore.  The  next  is  the  Xaticmal  mine,  lots  80  and  31  on  concestuou  13  of 
Glamorgan.  No  development  work  has  been  done  on  it.  The  needle  attractioDi 
show  tiiat  it  is  greater  in  extent  than  even  the  Pine  lake  property.  We  have  had  no 
analysis  of  it.  The  next  property  is  called  the  New  York  mine,  and  is  situated  on 
lot  27  in  concession  15  of  Glamorgan.  It  is  the  richest  ore  that  can  be  found.  At 
one  point  we  sank  a  pit  to  get  at  the  extent  of  the  ore.  We  have  traced  it  by  the 
needle  only,  and  we  could  follow  it  400  feet  in  length  and  30  feet  in  width.  There 
is  another  occurrence  on  the  same  lot  as  shown  by  the  needle,  but  there  were  no 
outcroppings  and  we  have  done  no  work  on  it.  This  ore  was  analysed  by  the  Cam- 
bria company  and  Professor  Chapman,  and  gives  over  70  per  cent,  of  iron,  bardja 
trace  of  phosphorus,  no  sulphur  and  no  titanium.  It  is  about  five  miles  from  the 
propos  d  line  of  railway. 

Jame.s  B.  OumphcU — I  spend  a  good  deal  of  my  time  at  Kinmouut  and  han 
been  engaged  examining  timber  limits  and  exploring  a  goo<l  deal  within  the  lu^ 
few  years.  1  have  prospected  in  Peterborough,  Victoria,  Haliburton,  alons  the 
K.  &  P.  r.'iilway  and  along  the  north  shore  a  good  deal.  Altogether  I  have  been 
about  tifteen  years  in  that  business,  but  not  constantly.  I  discovered  the  SnowduB 
mine  and  most  of  the  deposits  in  that  country,  the  Paxton  mine,  and  Pusey'a  mine. 
There  is  one  opening  at  the  Snowdon  mine  of  40  feet,  and  another  of  20  or  25  feet 
at  the  extreme  north  end  The  40  feet  opening  is  about  a  quarter  of  a  mile  to  the 
south.  There  has  been  some  stripping  between  the  two  points.  A  cousidenhle 
amount  of  ore  was  taken  cmt,  and  there  is  a  considerable  quantity  lying  there  yet 
The  Paxton  mine  is  situated  on  lot  5  in  the  5th  and  5  in  the  6th  concession  of  Lutte^ 
worth  and  about  2\  miles  above  Kinmount.  A  considerable  quantity  of  the  oie 
was  hauled  2^  miles  to  the  railway  and  shipped  ;  it  has  not  been  working  for  some 
time.  Ti.e  shaft  is  down  about  20  feet.  There  is  a  considerable  exposuie  in 
sight.  Analyses  by  Professor  Chapman  show  that  it  is  a  fine  magnetite  and  to  a 
great  extent  self-fluxing.  The  Pusey  mine  is  composed  of  lots  20  and  27  in  the 
4th  Concession  of  Snowdon.  There  is  one  shaft  down  to  a  depth  of  80  feet,  and  I 
am  told  there  is  ore  all  the  way  down.  The  vein  is  not  largely  exposed,  but  on  the 
property  there  are  surface  croppings.  It  appears  to  be  a  large  bed  of  magnetite.  The 
largest  deposits  are  supposed  to  be  on  Pine  lake,  about  the  boundary  line  between 
Glamorgan  and  Monmouth.  There  has  been  no  work  done  there.  One  can  iM 
samples  and  stainings  on  the  surface  over  an  area  of  100  acres.  There  is  a  depoiit 
on  lots  30  and  3 1  in  the  12th  of  Glamorgan.  I  think  it  is  a  specular  ore,  but  1  do  not 
know  the  analysis  of  it.  On  h)t  34  in  the  0th  of  Snowdon  there  is  a  little  d«*p(»sitof 
hematite.  I  know  of  a  deposit  near  Haliburton,  but  cannot  give  the  lot.  I  bate 
seen  a  great  many  other  deposits,  but  am  only  speaking  of  those  I  consider 
worth  lookin>4  after.  The  Pine  lake  deposit  is  about  12  miles  from  the  railway ; 
the  others  are  within  about  two  miles  of  it. 

John  Steimrt — lam  a  mining  engineer  and  reside  at  Ottawa.  I  think,  jndffing 
from  the  amount  of  development  done  in  Hastings  and  on  the  line  of  the  K. and  P. 
railway,  that  there  is  no  doubt  about  the  permanence  of  iron  mines  in  that  rpffion.  I 
worked  at  the  Wallbridge  hematite  mine.  It  was  a  large  mass  of  ore  in  dolomite, 
with  no  defined  walls.     I  think  hematite  is  likely  to  occur  again  in  that  region. 


l•^3 


Ibe  difficulty  in  exploring  for  it  is  that  the  needle  will  not  lead  to  it  ;  one  has 

4»ipond  time  and  money  to  find  it.     There  were  outoroppin;;^s  on  the  surface  at  The  Wallbridg« 

Hm  Wallbridge.     It  had  been  worked  in  prehistoric  times,  but  trees  had  overgrown  "^•• 

4he  works.     Tools  were  found  there,  deer  horns,  bone  implements  and  such  like.    I 

Jtond  a  human  shin  bone.     In  the  Old  Country  I  worked  in  the  hematite  mines  in 

^  Isle  of  Man.    I  visited  about  all  the  mines  in  Cumberland  ;  they  are  in  large 

■Hies.     The  ore  does  not  occur  in  them  like  bo^  ore  or  brown  hematite  on  the  sur- 

iMe,  bat  in  the  rock  ;  ii  is  soft  and  is  mined  with  a  pick. 

R.  C,  Clnte — I  am  a  barrister  residinij  in  Bellrville  and  am  interested  in  mining 
lioperties.     1  am  interested  in  the  lot  immediately  adjoining  the    Coe-hill  mine.  Varioui locations 
Ait  called  the  Station  mine,  and  is  composed  of  lots  17  and  IS  in  the  Hth  of  W..1-  J,"JJ,"**"** 
luton.     I  have  the  property  in  Marmora  known  as  the  Maloney  mine  ;  «nother  in 
tte  township  of  Lake,  known  as  the  Mountain  mine,  ctmipos  d  of  lots  15,  M>,  17 
nd  18  in  the  4th  ;  another  lot   I   think  in  the  '2nd  concessi<m  of  Faraday  ;  three 
lottt'ims  in  the  2nd  coucet-sion  of    WoUaston,  four  miles  south  from  C  e-hill  ; 
tM>ther  in  the  township  of    Madoc,  in  the  0th  concession,    1   think.       All  those  ^j^^  a^.j 
deposits  are  uia;znotic.     At  the  Station  mine  pits  were  sunk  at  difiVrent  points  with  location, 
fte  object  of  ascertaining  the  surface  extent  of  the  mine.     The  width  varies  fr  ^m 
lot'  C>  feet,  and  the  len^'th  about  1,3  :0  feet.     The  strike  is  about  north-oast  and 
KKiCh-weBt.     It  has  nob  1)cen  explored  with  a  diamond  drill.     The  ore  has  been 
iBttyded,  and  it  shows  a  slight  trace  of  sulphur,  a  slight  tnice  of  phosphorus,  but 
■otit'knium.     The  analysis  was   m  ide  for  Cani-i^ie's  esta)>li8hmeni   in  Pitt.sbiirg, 
iDd  my  rec«)llection  is  that  the  iron  was  GO  or  02  per  cent.     We  did   nut  send  a 
>(ge  quantity,  just  a  specimen. 

Charles  Tatjlor — Sometimes  we  get  ver>'  good  shows  of  copper  a^^^d  iron  pyrites 
>  the actinolite  distriv^t.    There  is  a  lari^e  bed  of  iron  pyrit4J^5  in  IIun.:eifonl.  south  of  Copper  and 
le  Sheffield  station.      It  is  from  four  to  six  feet  wide, and  I  think  it  0Kt«-nds  j)ver  a  'r^^npy"*^* 
ilgearea.     A  pit  has  been  sunk  down  30  or  40  feet,  and  it  can  be  Hhovellcd  out. 
gold  crusher  was  built  up  »n  it  once,  but  there  is  only  a  .show  of  gold. 

• 

H.   H.    Wallbridge — I   reside  at  Belleville.     My  sisters  and  sisters-in-law  are 
terosted   in   the   old   hematite    mine   and   other*  mines   near    Mad<'C,  ])ut  more  Waiibridge's 
Mticularly  in  a  lot  of  41)  acres  situated  about  two  a* id  one-half  mil'*s  from  the  ™*"'** 
Um'^-i  of  Madoc,  being  on  lot  10  in  the  fith  o*'  M.vloc.      It  is  between  M idoc  village 
id  the  hematite  mine.     About  10:)  t^ns  have  been  (quarried  :  work  was  bc^'^un  about 
IB  'ime  the  mines  shut  down,  and  nothing  has  been  done  sinc<^.     1  think  it  is  con> 
«ted  wirh  Seymour's  mine,  and  extends  about  200  or  300  feet.     It  is  about  a  mile 
id  a  half  from  the  Seymour  mine  in  a  direct  course.      I  think  there  is  a  large 
imnt  of  ore,  and  w«  would  be  working  it  if  there  was  a  market.      A  good  many  The  Seximith 
oasand  tons  hive  been  taken  from  the  Sexsmith  mine.      It  is  less  than  three-  "'i"«- 
larters  of  a  mile  from  the  railway. 

Lwnard  Wagtr — I  think  it  must  be  about  twenty  years  since  I  first  noticed  ore 
I  my  property  at  T  unworth.     About  1878  I  du.;  out  some  of  the  ore  and  examined  Showi  of  heina- 

After  tiat  the  railway  company  put  down  four  pits  about  ten  fee  deep  They  ^ort*h!*  *  °*' 
Sftoed  out  a  pit  10  by  15  feet  and  the  ore  went  down  about  thre*^  feet  till  it  struck 
16  white  r.Kjk.  On  the  surface  it  is  abr>ut  lo  feet  wide,  the  ore  dipping  under  the 
%f  ro:k.  Afterwa»*ds  Air.  R^thbun  set  a  few  men  to  work  for  about  three  weeks. 
ner  that  Mr.  Broman,  an  experienced  miner  from  Minn'»sf>ta,did  some  work.  He 
Ket  the  ore  and  is  prospecting  .still,  but  cannot  yet  siy  whether  therf  is  any  la-ge 
H^at  of  it.  Alt')gether  abiut  2>  tons  of  the  ore  ha?<  been  taken  out  :  it  is  a  very 
^hematite.  I  can  trace  the  ore  on  the  surface  for  abjut  80  ro<ls.  I  do  not 
Qowof  any  other  shows  of  ore  a}>out  this  section. 

Ja$^ph   Bi^cUn — I  have  been  conne:tel   with  mining  enterprises  for  at  least 
tenty  years  in  the  county  of  Fnmtenac.     I  have  been  interested  in  both  iron  and  TheGlendower 
li)sp:iate  pr«>per:ie8.     I  have  been  connected  with  several  compani  s  engaged  in  '"*°  ngcomp^j, 
Jtflsl  mining  o;»erations—  th-i  Gie'ld'^we^  the  Zinesville  and  B -dford  companies. 
ifersoja-j   ye-ira   spent   in  developing  the  prop-rt**,  the  O  en<lowor  company  was 
Tm«d  in  l>irr3  and   mining  was  continued  by  them  for  abo'it  seven   years,  during 
tich  time  they  took  out  some  12,0'X>  tons  of  ore.     The  capital  st»ck  of  the  company 
•■^■J.OOO,  and  wa^  altogether  held  by  Americans.     They  worked  the  pmperty  in 
edford  ander  a  lease  at  a  r.-»yalty.  and  at  the  end  of  the  seven  yeais  they  gave  up 
K^lewe.     The  royalty  WAS  20  cents  a  ton,  in  additi>m  t«>  which   they  paid  a  sum 
»«ni  at  the  commencement  of  the  lease.     Afterwards  a  c  mjjany  was  formed  by  The  Z»ii«tTiIJ« 
Mtalists  in  Cleveland  and   Zanesville,  Ohio,   under  the   name  of  the   Zanesville  *^"P*°3^* 
iipany  and  a  branch  railway  was  constructed  to  one  «  f  the  mines  formerly  worked 
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by  the  Glendower  company.  A  large  plant  was  erected  and  operations  werecame 
cm  upon  an  extensive  scale  for  four  or  live  years.  The  Zanesville  compHny  w4b  forue 
in  t  e  fall  of  1882,  I  think,  Hud  was  merged  into  the  Kinuston  and  Pembroke  (« 
p;iny  in  i887.  The  ca[>ital  of  tlie  Z mesville  company  was  1^200,000  paid  up  sUxk, 
do  n  )t  know  the  amount  of  ore  that  was  taken  out  by  it.  Sulphur  occurs  intl 
mine  at  a  depth  of  120  or  130  feet,  but  nnjie  was  noticed  until  that  d«-pth  n 
reached.  The  Gletidower  company  was  composed  of  furnace  owners  at  Elmira, 
Y.  They  to  k  tue  ore  there  and  I  have  t  oir  testimony  that  they  were  well  pleu 
with  it,  as  were  also  the  members  of  the  Zanesville  company.  The  ore  ran  bet 
during  the  mining  by  the  Glendower  than  duiing  the  time  of  the  Zanesville  ca 
pauy.  I  think  the  Glendower  did  not  remove  any  less  than  60  per  cent.;  I 
Zanesville  company  d  ok  as  low  as  5  i  per  cent.  The  difference  might  of  course 
CiiU:ied  by  selection.  The  ore  during  the  Glendower  company's  time  had  to 
hiiu  ed  by  wa-^on  or  sleigh  to  th>^  Bedford  stati  ^n,  a  distance  of  some  four  mil 
and  that  had  something  to  do  with  their  giving  it  up.  When  the  Zanesville  oo 
pany  commenced  they  had  the  railway  brought  into  their  mine,  and  it  was  t^him 
from  K  ngstoii  to  Cleveland.  The  Glendower  company  took  it  to  Fairhaven.  t 
Bedford  mining  cmpuiy  was  organised  last  year  and  I  am  the  mana/er.  T 
capitil  st(»ck  is  ^.'50,0  K)  all  paid  up.  Sir  Richard  Cartwright  i^  the  president; 
am  manager  and  secret  i'y.  Our  properties  are  altogether  in  Bedford  ;  lots  7  to* 
inclusive  in  the  5th  ;  ihti  north  half  of  7  and  the  south  half  of  9 and  lotSinthei' 
lots  2,  3,  4,  and  the  west  half  of  7  in  the  7th  ;  lot  2  in  the  6th  ;  lot  I  and  ihe  w 
part  of  8  in  tiie  5th  ;  part  of  1  and  all  of  4  in  the  4th  ;  lot  2,  the  north  half  of  3,  \ 
south  half  of  5  and  the  e  ist  part  of  6  in  the  3rd  ;  the  north  half  of  2  and  the  sot 
half  of  '  in  the  ind.  This  m  ikes  altogether  about  C,000  acres.  We  have  pr 
pected  red  hematite  on  2  in  the  7Lh«  ]>lumbago  on  2  in  the  6th,  and  also  on  1  in  1 
5th  ;  magnetic  iron  ore  on  2  in  the  3rd,  and  a'so  on  lot  8  in  the  4th.  We  know 
the  existence  nf  phosphate  of  lime  on  the  west  half  of  7  in  the  7th.  We  haveb 
phosphate  mined  for  us  on  the  east  part  of  6  in  the  3rd  ;  also  led  hematite  on  S 
the  7th.  •  The  accompanying  rock  is  a  crystalline  limestone  ;  it  is  on  the  border 
Birc  lake.  Tlie  magnetic  ore  is  found  against  cryi^tallino  limestone,  with  hoi 
blende  or  granite  on  tlie  other  side.  In  one  oceurrence  the  hornblende 
on  the  north  and  the  crystjilline  lim.  stone  on  the  south.  At  Black  lake 
have  th^  granite  on  the  north  side  and  I  think  crysta  line  limestone  on  t 
soutli  side,  but  I  cannot  speak  positively  as  to  that  as  it  is  undt-r  water.  The  gran 
in  Bedford  is,  1  think,  mostly  on  the  north  side.  The  course  of  the  iron  depot 
isnorth-ewt  and  s<mth-\vo8t.  Tiie  width  of  the  red  hematite  as  far  as  traced 
about  40  feet  but  L  think  it  is  a  bed  and  extends  further  ;  I  think  it  extends  uiM 
the  lake.  We  have  traced  it  about  300  feet.  It  has  never  beeen  tested.  Then 
no  titanium  in  i  ,  but  there  may  h'i  some  sulphur,  as  there  generally  is  in  the  i 
hematite  of  this  c  untry  ;  there  is  no  ])hosphorus.  The  magnetic  ores  have  be 
analysed.  The  ore  from  the  Glendower  mine  runs  all  the  way  from  50  to  OOj 
cent.;  the  Glendower  is  ju^^  on  the  border  of  the  Bedford  property,  and  the  oi 
on  our  pioperty  are  I  think  equally  as  rich.  The  Black  lake  property  was  um 
proap  ctm-:^  lease  (lot  8  in  the  4th)  ti  the  Be'hlehem  mining  company,  and  so 
50  tons  uf  very  rich  oro  have  been  t<vken  away.  At  the  time  it  was  under  lei 
there  we  e  grefit  dilKculties  in  the  way  of  t>ansportation  ;  since  that  time  a  cai 
has  be»*n  cu ,  from  Thirty  Island  lake  to  Bhick  lak'»,  which  will  make  it  navigal 
al  t  e  way,  and  ihe  ore  cm  be  brought  down  to  the  p  mianent  track  at  Thi 
Island  lake.  On  the  north  lialf  of  3  in  the  3rd  there  has  been  some  prospect! 
done,  but  a  <lianion(l  <iiil;  has  not  yet  been  ust-d.  We  purpose  getting  one  at  w< 
there  Our  ote  n  this  section  appears  tf>  be  very  rich.  The  year  before  last, 
tho  tirst  time  in  thirteen  ye«rs'  mining  they  came  upon  sulphur  in  the  or^,  but 
have  not  c  ine  across  a  ly  on  our  property.  On  the  red  hematite  property  we  hi 
done  some  8trij)p  n'^  and  such  w  rk  a-  that,  but  have  not  done  any  work  of  any  cc 
mercial  value.  We  know  of  the  existence  of  iron  in  a  north-east  direction,  in 
5th  concession,  o  i  the  same  lead  as  the  niai^netite.  On  lot  2  m  the  3rd,  some  * 
t<ms  of  ore  were  taken  out  before  we  got  the  property,  but  we  have  not  done  a 
thin.;  <»urselves.  The  ore  I  tike  to  be  similar  in  character  to  the  other  ''res  in  t 
formation.  Our  company  w  as  formed  last  year.  Some  prospecting  has  been  done 
it  at  Black  lake  and  th^  c.i<  al  a'ready  mentioned  was  cut ;  it  is  400  feet  long,  i 
lowered  the  water  in  Thir  y  Island  lake  ;  this  was  done  to  i  ropare  for  mining, 
beyond  that  n  thin 4  has  been  done.  Some  prospecting  has  been  done  on  3  in 
3rd.  We  intend  t »  put  a  diamond  drill  on  3  in  the  Hr  *.  and  also  at  the  Black  1 
mine.     I  am  interested  equally  with  Mr.  Morris  and   Sir  Richard  Cartwright : 
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Biine  there  on  lots  12  in  the  8th  and  0th  of  Bathurst.     It  was  first  opened  twenty 

jtum  ago,  and  a  quantity  of  ore  taken  out  and  sent  lo  Cleveland,  wht-re  it  was  tested  A  depc«{t  ia 

by  Ctiisholm,  and  reported  upon  favorably.  The  ore  was  a  magnetite,  and  thi-  deposit  gjjjj'""*  ^w»- 

Apptitn  to  traverse  the  lengsh  of  the  8th  concession  from  front  to  rear.     About  two 

yetnago  a  shaft  was  sunk  about  IG  feet  on  the  front  of  the  conces^^ionf  and  two 

earloidsof  Hue  ore  taken  out.     We  tr.iced  the  ore  by  showings  at  different  points 

fruiu  rear  to  front  of  the  concession,  the  direction  being  north-east  and  s<>uth-west. 

It  occurs  in  a  gneissoid  rock.     The  limestone  is  to  the  south  of  it,  and  may  have 

loine  reUtiiin  to  it. 

B.  IV.  Folger — I  am  superintendent  of  the  Kingston  and  Pembroke  railway. 
1  have    been    interested    in    iron    and    ph<  spbate    mining    operations    in    tliis  Locations  on  tb« 
part  of  the  country,  but  mostly  iron.     We  are  interested  in  p«  rhaps  100  dilierent  Jj' '"**  ^*  ""*" 
mining  hKation«.      They  are  in  Bedfc»rd,   Portland,  Hinchinbrooke,  Uso,  Olden, 
Pttlmerston,  Levant,  Bagot,  Dalhousie,  Bathurst  and  Sherbrooke     We  are  interested  jiining  compMi-^ 
in  three  mining  compHnies — the  Mississippi,  the  Levant  and  the  Kingston  and  Pem-  \e». 
broke  companies.     I  am  also  interested  in  the  Bedf^nd  company.     '1  he  Mississippi 
company  was  orga  ised  alio ut  ten  years  ago.     The  capital,  of  which  I  lannot   tell 
you  the  auiounc,  was  both  American  ami  Canadian.     The   Mississippi  mine  was 
openird  up  by  that  company,  and  between  30,(KX)  and  40,0(^0  tons  were  taken  out ; 
all  the  oi-e  went  to  the  States.     The  mine  is  not  being  worked  now.     The  Leva  t 
oompauy  was  organised  about  a  year  later.     The  lociition  was  leased  to  ])eople  in 
Bottilehem,  Penn.,  who  must  have  taken  out  about  30,000  tons.     The  Kingston 
aiiU  Ptjujbr  ke  company  was  organised  about  two  years  ago.     The  stock  of  that 
company  is  81,000,000.     I  ciinnot  tell  you  who  are  the  principal  shareholders,  but 
tiiey  are  mostly  all  Americans,  seven- eigths  of  the  stock  is  American.    They  are  now 
vurkiiig  the  Wilbur  or  Levant  mine,  and  that  is  the  only  one  they  are  now  working.  Jo,J^™y"^  '' 
They  have  taken  out  of -the  Williams  mine  in  Bagot  perhaps  10,000  tons  ;  it  was  a  good  operations, 
■twl  ore.     The  low  price  of  ore  in  tlie  St^ite^,  and  the  fact  that  the  mine  is  live  miles 
from  the  road,  caused  the  stoppage  of  work.     They  worked  the  Wilbur  last  year  as 
well  ad  this  year.     Ab  )ut  12,000  tons  has  been  shipped  to  Kingston  aiid  some  of  it 
i«  hero  yet.     From  the  Calabogie  mine  they  have  taken  out  about  3  OOo  or  4,U0O 
tons.    From  the  Glendower  they  h»ve  shipped  about  2,000  or  3,000  tons,  and 
from  the  M:s3i.^sippi  about   2.000   tons.     The   ore    shipi>ed   so  far   has    been   all 
Besseiuer  ore;  it  is  magnetic.     We  have  found  hema'iie  in  a  number  of  places, 
but  never  in  quant. ties  sufficient  to  ship.     The  iron  shipped  from  here  runs  between 
fiOand  G:)  p  r  cent.      It  is  richer  in  some  of  the  mines  than  in  otheia,  the  richest 
ve  have  shipped  being  from  the  Mississippi  and  (Jlendower.     There  have  been  no 
impurities  n  the  ore  from  the  Mis-siiisipiii.     Of  late  in   the  (llendowei' they  found 
•ome  sulphur,  but  none  was  found   until  at  a  depth   (»f  180  feet.       Tluit   was  the 
Wason  tliey  stopped  work  upon  that  mine.     Since  then  tliey  have  put  in  drills,  and 
h*ve  drilled  about  3(K)  or  JOO  feet,  a'  d  gpt  good  ore  airain  ;  where  the  sulphur  was 
itr»mfroni  1  to  3  per  cent.     There  does  not  se  in  to  be  a  large  (juantity  v^it'i  puI- 
phur.     We  havo  not  gone  as  doi  p  as  180  feet  in  any  of  the  other  mines  of  that  dis- 
^^ct.     In  th  >  Wilbur  we  have  gone  down  ab  »ur   200  feet,  and  the  ore  fn  m  that 
miiio  runs  abmt  o5  per  cent,   iron.      The  Missisaipju   has  no  sulphur.     At  the 
Wiliains  they  are  down  abotit  100  feet.    At  present  I  do  not  sup}>o8e  we  have  m  re 
Wian  1)0  men  employed,  but   we  have  had  as  high  duiing  the  year  as  150.     I  can- 
ii'H  Siy  what  the  proportion  of  miners  would  be.      We  pay  from  Sl.2o  t    81.75  per 
^y  >  ow  ;  the  best  miners  8l.7o.  and  laborin-^  men  Sl.'io.     I  think  the  (Jlendower  capacity  of  th# 
*lone  would  .'*up|'ly  all  that  would  be  re<iuired  for  a  50  or   lOo  ton   fnrnace.  as  it  is  (Jleiidowor 
in  a  position  lo  take  out  400  to  50o  tons  per  day.    At  the  dc  th  of  200  feet  the  vein  *"'"*' 
wfr.im  20  to  40  feet  wide,  anl  wha     ban  b«en  taken  out  averaged  00  per  cent.      It 
thows  ujxm  ihe  surface  for  fully  half  a   mile,  and  t*  v.    foot  and  hanging  vails  are 
better  detined  as  we  get  deeper  down.     The  ore  in  tlie  Levatit  ran  in  the  lii-st  fifty 
i*fet  up  to  (>0  per  cent.,  but  lower  down   it  is  lower  in  ir-n.     The  rock   is  uKistly 
Ciy  talline  lime8t«»n«*  on  one  side  and  ^nmite  upon  thf  other.     If  we  could  tind  red 
hematite  in  quantities,  lake  Superior  could  not  compete  with  us  at  all. 

Michael    iiradtj — I  am  a  contractor  and  reside  in   Kingston.     I  came  here  at 
tbc  time  <«f  building  the  K.  and  P.  railway.     Tlioy  were  tlien  worki*  g  the  Glen- 
dower mine,  >«nd  I  commen  ed  t«>  look  around  and  found  several  locations.     Before 
coming  here  1  had  been  in  the  iron  districts  in  York  state,  which  are  fjartly  in  the  Glendowtr 
Laurentian  rocks.     From   the  Glendovv»r  we  cnn  trace  the  ore  for  about  a  mile  ;  *"'"•• 
there  have  been  a  dozen  openings  made  in  that  distance,  but  I  cannot  siiv  whether 
the  ore  continifes  all  the  way.      There  has  bren  wotk  done  in  fi^nr  or  five  places, 
and  quite  a  lot  of  ore  hajB  been  taken  out.     The  width  of  the  ore  exposed  would  be 
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about  20  feeb.     It  wtxs  free  from  phosphorus  and  sulphur  on  the  surface,  but  as 
thoy  ^<>t  down  they  found  sulphur.    That  was  the  only  case  in  which  there  waa  any 
trou  >le  with  sulphur.    They  claim  tliat  as  they  went  down  further  the  sulphur  disap- 
piarod.    Modt  of  the  ore  there  was  mined  by  Rathbun   of  Elmira.  I  suppose  about 
75,000  tons  were  taken  fnim  th  ^  mine.  The  hani^ing  wall  was  limestone,  and  the  foot 
wall  granite.    At  the  Machar  mine  in  the  adjoining  lot  we  did  not  go  very  deep — ^just 
shipped  1,000  tons  from  there.     After  tliat  we  sold  out  to  another  company  and 
nothin^jj  has  been  done  with  it  since.     It  was  considered  a  pretty  pure  ore.  and  I 
think  it  went  over  (50  per  cent.    Fro  n  the  Wilbur  mine  ab  >ut  50,000  or  60,000  toni 
was  t^ikeu.     The  owners  first  sunk  a  large  pit,  but  the  ore  dipped  off  at  a*)  angle 
of  45  de'^rees,  and  then  narrowe  i  ;    a  good  deal  of  money  was  spent  following  it, 
but  finally  work  was  stopped  at  a  depth  of  about  100  feet.     Since  then  one  of  the 
owners  has   dit^d,  and  n-)thLng  more  has  been  done  except  some  exploring  with  a 
diamo  -d  drill,  and  they  cliim  to  havj  tapped  the  ore  again  within  100  feet  of  where 
it  was  mined  out.    It  widened  out  at  one  place  to  80  or  40  feet  and  then  narrowed  to  3 
or  4  fe  }t.      It  IS  stat.^l  to  have  bee  a  the  finest  ore  for  shipping  » ver  got  in  this  p*rt 
of  the  country.     T  have  seen  analyses  that  went  over  08  per  cent.,  but  nf  course 
that  would  be  of  picked  sp  -ciiuens.    1  have  been  told  that  it  was  sold  on  a  guarantee 
of  G'>  p'ir  cent.     Wo   never  found  any  titanium  in  that  section  ;  there  is  none  in 
th  i  Wilhur  deposit.     The  dep  .»sit  is  in  Ljranite  and   white  limestone.     About  1,OJO 
feet  above  t!ie  oil  Wilbur  are  two  shafts  on  the  same  lode.     One  of  these  is  down 
about  iO)  feet,  and  the  other  about  18)  feet.     They  have   t «ken  altogether fr«>ni 
th  vt  mino  ab  mt  10'),000  tms.     Onlv  one  shaft  is  bt^ing  worked  now,  but  they  say 
it  is  not  looking  as  well  as  it  was  before.      We  find  some  soapstone  on  the  foot  wall ; 
on  t'le  hinging  wall  it  is  pri  icipallv  liinostone.      In   the  Wilson  mine  we  are  dowa 
abou".  5  >  or  (I)  feet ;  it  can  be  traced  500  or  (iOO  feet  ;  throe  or  four  openings  have 
b^en  made  in   that  distance  and.  about  4,00'>  or  5,000  t(ms  taken  out.     The  ore  is 
very  u'ood  ;  I  think  it  runs  about  GO  per  c<.*nt.      It  is  ver>' fiee  from  sulphur  and 
phosphorus,  and  occurs  with  granite  on  both  sides.      At  the  depth    f  50  or  60  feet 
the  width  wai  about  9  feet.     In  the  Williams  mine  wo  opened  about  3  K)  ft-et  al'»ng 
the  course,  and   took   out  about   10,000  tons  ;    we  went  down  about  15  or  20  feel. 
Tiie  vein  st-emed  to  be  7  or  8  feet  wide,  and   they  say  it  pinclied  out  some  a**  they 
went  d  )\vri  deeper.     South  of  that  p  >int  the  rocks  seem  to  dip  south-east,  but  here 
thev  turn  over  and  dip  the  other  way.     The  foot  wall  is  limestone,  and  the  hanging 
wall  i^r.inic.     The  ore  r.in  about  52  or  53  per  cent,  as   they  shipped  it.     I  never 
heard  that  th^re  was  any  sulphur  in  the  ore.    These  are  about  the  only  places  where 
wi^  did  work  of  any  account.     Mining  when  done  by  ccmtract  costs  about  a  doUar  a 
ton  ;  when  done  by  the  day's  work  it  costs  about  $1.25  a  ton. 

J.  S  Campbell — I  reside  at  Perth  and  am  interested  in  mining  at  Calabogie. 
I  am  president  of  the  Cdaboi(ic  Mining  C).,  organised  in  1882;  the  principal 
shareholders  are  Kdward  Elliot,  William  Hicks  and  Peter  McLaren  of  Perth,  Hugh 
Ryan  of  Toronto,  and  B.  W  Folger  of  Kmgston.  About  $75,000  of  the  capibJ 
is  paid  up.  We  own  the  east  half  of  16  in  the  11th  of  Bagot,  on  C:ilabogie  lake, 
the  west  half  of  10  in  the  0th,  14  in  the  7th,  and  the  south  half  of  16  in  the  nth. 
Altogether  we  have  GO  )  acres.  The  property  at  the  lake  was  developed  by  Ely  of 
Manjuefct^  in  1881.  We  commenced  work  in  September  1882.  The  first  shaft,  was 
ab  )ut  100  feet  down,  at  an  angle  of  30  do^^rees  ;  the  width  is  from  8  to  20  feet. 
It  Wiis  abandone  I  in  1883,  and  in  18SH  we  continued  the  sh^ft  108  feet  further.  It 
was  mi.Ked  with  rock  less  or  m  »re.  The  second  opening  towards  the  east  we  made 
two  years  ago.  We  went  down  30  feet  there,  and  in  th  t  depth  we  went  through  8 
feet  of  iron.  We  leased  to  the  Kingston  and  Pembroke  company  then,  and  they 
worked  th-a  next  year.  In  the  new  shaft  they  drifted  about  75  feet.  Where  they 
wore  workiig  th»  width  of  the  vein  was  from  10  to  12  feet.  There  has  been  a  con- 
sideraMe  amount  of  iron  taken  out  of  the  hill.  We  shipped  about  1,000  tons  from 
Kingston.  Last  year  the  K.  and  P.  Co.  shipj>ed  about  2,000  tons  from  the  same 
placd.  It  was  sold  at  Clevela-ul  a-id  was  a  satisfactory  Bdssemer  ore.  The  mine 
on  lot  16  in  the  8th  was  opened  in  the  fall  of  1883,  and  s<ank  45  feet ;  no  drifting 
has  been  done.  We  had  iron  all  the  way  down  at  a  width  of  from  10  to  li  feet. 
The  iron  was  andy-^ed  and  the  first  showed  too  much  ])hosphoru8,  but  in  the  last 
the  amount  was  reduced  consi  lerably.  There  was  no  sulphur  of  any  consequence. 
We  employed  from  20  to  25  men,  and  miners  were  paid  $1.50  a  day,  laborers  $1.25. 
We  liai  a  25  h.p.  engine,  and  us  id  steam  power  for  drilli"g  and  hoisting.  We  o»dy 
oper ited  one  steam  drill.  'Ihe  value  of  the  plant  wonld  be  abtmt  $•'^,000.  On  lot 
16  in  the  8th  we  did  not  have  any  steam  power  ;  there  the  ore  was  hoisted  by  hone 
power.     We  made  a  surface  opening  on  the  west  half  of  IS   in  the  9th  in  1882. 
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le  range  is  the  Bame  as  16  in  the  8th,  and  the  ore  is  very  similar  ;  the  openicg 
as  about  10  feet.  I  his  range  can  be  traced  a  distance  of  tw^o  miles  to  the  lake  ;  it  is 
1  the  same  range  as  the  Calabogie  property.  'I  he  general  course  is  a  little  south 
west  ;  the  dip  is  about  80  degrees  at  the  lake.  On  the  south  half  of  lot  16  in 
e  10th  of  Ba^ot,  which  is  upon  the  same  range,  some  prospecting  has  been  done. 

W.  J  Morris — All  our  minerals,  as  far  as  I  know,  are  confined  to  the  Laurentian 
nnatiou.  Tne  rocks  in  Bathurst  arc  sacchnriiie  l.mestone  >ind  gneiss.  Magnetic  iron 
e  of  very  high  yrade  occurs  in  the  8th  of  Bathurst ;  speaking  from  nicm«»ry,  I  think  M»ffTietlc  ort 
ere  is  limestone  on  one  side  and  the  other  wall  is  g'leiss.     Several  carloads  nf  this    *    ""  * 
B  were  sent  to  Cleveland,  Ohio,  and  'hey  said  it  was  the  finest  ore  they  had 
.ndled,  but  no  contract  could  be  entered  into  on  account  of  the  want  of  con) muni- 
tion.    The  range  exteids  north-east  and  south-west  for  a  distance  of  five  miles  or 
3re,  and  'he  width  for  that  dist  ince  is  a^out  three-quartei-s  •  f  a  mile.     I  do  not 
dan  tH  say  that  there  is  solid  ore  all  that  distance.     Several  years  auo  Alexander 
»wan  took  out  several  thousand  tons  on  the  same  strike  in  North  Cro-.by.     1  think  The  Fmirnier 
at  not  less  than  3,000  tons  were  shipped.     It  was  sent  to  the  States  ;  that  was  in  Jrygby"  ^"^ 
e  time  of  the  American  war.     Except  what  Mr.  Cowan  did,  no  work  has  been  dune 
1  it  to  any  extent.     I  think  that  is  about  eight  miles  from  the  point  I  was  spetking 

in  Bathurst.     Mr.  Cowan  sold  to  an  American  company  ;  they  got  out  of  the 
'O,  drifted  and  struck  it  again,  but  at  the  close  of  the  war  the  price  fell,  and  as 
lere  was  so  mu.;h   hauling   tlie  ore  could    not  stand   it.     It  was  known  as  the 
ournier  mine.     They  went  down  about  100  feet  abo^ether,   and  the  ore   was 
iautiful  and  solid.     The  veins  are  from  three  to  seven  feet  wide   and  evidently 
idea  as  they  go  down.     Where  we  made  some  openings  the  ore  was  ver»  fine, 
here  was  no  sulphur,  but  it  was  cut  in  one  or  two  places  hy  veins  of  apatite; 
le  apatit  ^  Wiis  not  mixed  with  the  ore.    At  Bobb's  lake  on  the  McMirtin  property, 
lerei-  m-ignetic  ore.      When  I  saw  it  the  wh»le  ctmntry  was  covered  with  bush.  Bobb's  lake 
y  idea,  however,  was  thit  there  was   in  all  probability   a  large  dejjosit  there.  ****^*'®°' 
irface  npecimens  were  to  be  found  for  a  long  distance,  and  of  very  ^rood  qu  'lity 
is  a  very  rough  countrv,  and  I  did  not  examine  its  occurrence  except  to  see  that 
is  in  gneiss.     I  do  not  remember  that  I  n-.ticed  any  crystalline  lime>*tone.     The 
ck  associated  with  the  phosphate  at  Bobb's  lake  is  pyroxene.     'I  here  are  great 
>dulrs  imbedded  in  it  that  are  apt  to  roll  down  on  the  m-n.      I  cannot  state  what 
o  chemical  composition  of  the  mxlules  is  ;  it  appeared  to  be  hornblendic  rock, 
It  m  a  state  of  d  sintegration.     In  Levant  and  Darling  there  are  1  r^'e  suiface 
owings  of  magnetic  ore.     Dr.  Wilson  and  my  father  bought  lands  there  seventy 
^ar*  avo  for  the  sake  of  the  ores.     Sir  William  Logan  estimated  that  thi*re  wan  a  Dep^situ  in  Ler- 
'"l  eighty  fe^»t  thick  on  Christie's  lake,  in  the  township  of  South  Sherb  o»ke,  but  sheVbrooke^nd 
think  that  is  a  mistake.     It  is  a  parallel  deposit  to  that  on  the  8th  concession  of  Bathurst. 
ithurst,  has  tie  same  strike,  and  is  ten  miles  to  the  we-^t.     There  are  extensive 
owrings  in  the  south-west  corner  of  Darling,  in  Levant,  in  South  Sherbrooke  and 

Bathurst  of  magnetic  ir.m.  and  the  strike  is  the  same  all  the  way  through.  They 
nerally  occur  in  gneiss  ;  there  is  generally  limestone  in  proximity,  but  not  in 
bual  contact.  We  have  bo;(  ores  in  Ramsay  and  Drummond.  There  is  ])lenty  of 
od  magnetic  ore  in  this  district.  In  Levant  there  is  sulphur  in  some  of  the  veins, 
it  there  is  a  good  deal  of  the  ore  that  is  free  from  it,  and  it  can  be  cobbed.  In 
tthurst  the  ore  is  high  grade,  and  I  do  not  know  that  there  is  sulphur  ;  the  only 
ing  I  would  fear  is  that  the  veins  would  not  turn  out  as  arge  as  in  other  parts 
iere  the  ore  does  not  grade  as  high.  I  havn  not  seen  it  more  than  five  or  six  feet 
width.     I  do  not  think  veins  of  that  high  grad*»  ore  will  avera,ge  more  than  five 

six  feet  on  the  surface.  The  largest  deposit  of  hematite  is  the  well  known  Play- 
r  mine,  from  which  a  good  many  thousand  tons  of  ore  were  shipped  to  _  pj^  -  j 
evoland  as  long  ago  as  twenty  years.  I  think  they  shipped  as  much  as  3,000  or  mine.  ^  ' 
f^tjnsa  year  for  several  years.  Torrance  of  M<mtrr'al  and  others  were  the 
•"ners.  I  do  not  think  they  worked  it  below  eighty  feet,  and  I  think  the  average 
dth  of  the  solid  hem  itite  was  fifteen  feet.  It  widened  to  that ;  on  the  surface  it 
»J  about  five  feet.  The  shaft  was  simply  an  open  pit.  The  deposit  was  not  fol- 
ded upon  the  surface  for  any  distance  ;  it  was  only  worked  on  part  of  one  lot.  It 
M  very  soft  on  the  surface,  and  became  verj'  hard  as  they  went  down.  I  think 
e  wall  WIS  diorite  upon  one  side,  and  that  it  was  capped  with  crysbdline  limestone, 
f^ere  are  two  or  three  small  veins^  and  parallel  veins  in  clo'^e  proximity.  *There  are 
80  parallel  veins  two  miles  southward,  which  never  have  bi'en  opened.  The  pro- 
3rty  was  leased  for  ninety -nine  years.  There  is  a  vein  of  hematite  in  Arnprior 
hich  I  think  has  the  same  strike.  The  belt  bearing  the  hematite  is  fully  three 
ilea  wide,  and  we  can  trace  it  across  the  river  into  Quebec.     I  think  that  tVv^T^ 
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are  deposits  of  hematite  across  McNab,  Packenhani,  Darling,  Dalhoiisie,  Bathu: 
A  hematite  belt.  South  Shcibnxike  and  Crosby.     The  belt  is  three  miles  Wide  ;  that  is  tu  say,  P 
that  width  we  tind  surface  indications.     It  is  a  very  rugli  couutry,  and  Jias  DeT 
been  properly  explored  by  anyone.     I  know  at  least  two  raugts  of  hematite, 
think  about  thirty  years  a^o  seveial  hundred  tais  were  mined  at  SandpuinN  and 
am  sati-fied  that  is  on  the  same  strike  as  Boll's  property.     My  opinion  is  that  h^F^^^ 
goes  through  the  west  corner  of  Bathu*  st,  where  tliere  are  extensive  sup6rtici<^B=» 
showings.     That  range  has  never  been  proper  y  explored.     I  have  seen  veiiw  «^-^*t 
low  water  on  botli  sides  of  Bcnnet's  lake.     There  are  indications  of  8^»ecular  o^c^© 
through  North  Burgess  and  the  west  half  of  North  Ehnslfy  fur  a  distiuice  of  te^    ^ 
A  reiT disturbed  '^i^*'*^.     No  vein  or  bed  of  ore  has  ever  been  st'uck,  but  it  n»ust  occur.     'Hie  rocL^     * 
localitj.  there  arc  more  disturbed  than  in  any  place  in  Ontario,  and  I  think  it  is  the  oi-K    7 

place  in  (  anada  where  you  c<in  find  silicate  of  inagnc  ia  (meerschaum),  but  too  X\\m^  _J^ 
to  be  of  any  value.     This  8(.'cti«»n   of  the  country  h«8  umiergone  great  volc«ii  ~^<^ 
act  on,  and  the  formation  is  extraordinary.     There  is  iron  pyrites  in  Daihousie,  i^e^^ 
SShoSwe^*"     the  vicinity  of  Mr.  Browning's  p  ace.     1  think  it  is  both  nickel  and  copper  beaiiii' — ^; 
it  runs  across  three  200-acre  lots,  and  will  average  15)  feet  wide.     It  is  a  magnet  :^c 
pyrrohtit^  and  not  comm(m  pyrites  ;  it  decomposes  very  rapidly.     I  th  nk  it  gt 
down  a  considerable  depth.     There  is  diorite  i»n  one  side,  but  1  d  •  not  know  »hi 
to  call  the  rock  on  the  other.      I  was  tol<l  it  contuint  d  a  certain  amount  of  nick 
and,  unless  1  am  mistaken,  forty  per  cent,  sulphur  ;  it  is  very  dark  in  color.    The 
are  nmny  other  deposits  of  iron  pyrites  in  South  Sherbrooke  and  the  north- 
part  of  Bathurst. 

William  Rattle — I  live  at  Cleveland,  Ohio,  and  am  a  mining  engineer 
analytica  chemist.    I  have  had  considerabli}  experience  with  ranges  in  thelJuruni 
formation.     So  far  as  my  observation  goes  in  the  Lauri-ntian  rocks  the  strike  wou  1^ 
be  north-east  and  south-west,  the  dip  soutli  cast.     Jn  the  lirst  range  we  visited  ne-»»'' 
Perth,  in  Darling,  the  acc«»mpanying- rooks  were  on  the  foot  wall  d  orite  ;  on  iV\^ 
Sj^ilThuT'^^"*     hanging  wall  it  would  be  difficult  to  tell  as  n«)  work  lias  been  done,  but  I  think    i^ 
is  crystiillino   limestone.     The  c  are  some  black  slates  on  the  south.     The  ore  ift   _*" 
hematite  ;  it  is  more  in  the  nature  of  a  specular  iron  ore.     At  Pla}fairville  there    '  •" 
a  surface  .shijwin^  of  red  hematite  ;  we  tind  some  slate  and  some  diori  e  up(»n  th*  *" 
foot  wall  and  granite  under  that.    The  magnetic  is  the  second  range  ;  the  hematd^-'^ 
would  be  the  iiorth  range.     The  lower  r.mge  cuts  the  crystalline  limestone,  and        *" 
cannot  say  what  the  walls  are  outside  of  the  limestone.     It  is  a  most  i  erpendiculji*  *^ 
in  the  h)wer  ranye.     South  of  tha"".  we  found  hornblendic  schist.     The  limeatoi  "^^ 
appears  to  bi*  a  capping  over  the  wh  le  country  ;  I  think  it  i-* «  f  v«ilcanic  origin  ;     ^  ^ 
is  a  uietamor[>hoM'd  rock.     It  is  not  at  ull  similar  to  the  northern  Michigan  range^^     *" 
those  are  much  older.     I  think  that  the  cjippin^  of  linie^^tone  here  is  later  tlian  tl*^-^ 
deposition  of  the  iron,     i  am  very  well  satistied  with  the  outlook  in  this  aninti")^'^    -J 
1  ju'lge  the  ores  to  be  of  good  qualit.',  juj  fir  as  one  cm  tell  by  looking  at  them. 
think  the  prospects  are  such  as  would  justify  reasonable  development.    Thatappli-^ 
both  to  maj^netite  and  hematite  ores.     There   are  five  distinc    hematite  range  ^* " 
They  are  not  of  the  soft  hematite  nature,  but  of  the  red  specular.     We  were  c-"^''i 
three  ma'.<notite  ranvrt'S,  one  of  which  had  a  great  deal  of  sulphur,  the  •  thers  h«  ^^^ 
not.     The  sulphur  in  some  cases  here  occurs  all  through  the  mass,  which  is 
close  grained  that  the  ga-^es  cannot  get  away.     In  Norway  ihc  ores  are  of  a  spon 
nature,  and  the  sulphur  occurs  in  cubes  in  the  spongy  mass,  so  that  the  sulphur 
enabled  to  esc.ijie. 

Joshua    GaU(i(jher — I  live  in  the  township  of  Bathurst,  in  £anark,  and  an^ 
miner  by   occupation.     I  W(»rkcd  in  the   I'layfair  m  no  upwards  of   three  yea*' 
This  property  is  situated  on  the  east  half  of  lot  1,  in  the  4th  concession  of  Dalhousi^ 
The  mine  was  «oiked  for  live  years.     The  ore  is  a  red  specular  and  was  considc 
a  No.  1  Bessemer  steel  ore.      In  addititm  to  the  surface  work,  five  shafts  were  su 
on  the  deposit.     No  1  shaft  was  sunk  to  a  depih  of  70  feet      The  i>re  oil  the  sulfas 
was  a  out  3  f"ot  wi<le,  while  at.  the  bottem  of  the  shaft  it  was  8  feet  wide.     No. 
shaft  w.is  lociited  20O  feet  from  No.  1.     The  ore  on  the  surface  was  2  feet  w id 
The  >haft  was  7'>  foot  deep  and  the  ore  at  the  bottom  was    15  feet  widf.     N<» 
shaft  was  located  1.30  feet  from  No.  2.     It  was  sunk  to  a  depth  of  50  feet  and 
drifting  showed  ore  40  feet  wide.     No.  4  shaft  (150  feet  fnan  No.  *\)  wan  i  ot  mu       ^ 
so  deej),  sur  ace  exploration  being  made  owing  t    its  situation  not  being  amvenier^^F 
for  usii  g  machineiy.     The  ore  was  hr>ist>  d  from  No.   .H.     No.  5  shaft  wan  situate  ^ 
about  150  feet  from  So.  4.     Surface  exidorzition  to  a  depth  of  120  feet.  wa<  niad^' 
This  shaft  was  capped  with  granite  to  a  deptn  of  14  feet.     All  of  ihe  shafts  contained 
specular  ore  of   Bessemer  quality,  being  almost  entirely  free  from  phraphorii» 
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sulphur  and  titanium.     At  the  bottom  of  No.  5,  when  work  w^s  stopped,  the  ore 
'WiM  90  feet  wide.     The  ore  from  (he  different  sintis  r hipped  aiialj'sed  from  ()5  t«i  Qualitjof  the 
6-*  perceut  ,aud  was  principally  sold  in  Cleveland.     The  tout  wall  whs  C(«m{K>sed  of  ^^^' 
cryBtalline  limestone  and  the  tianging  wall  of  granite.     The  run  of  the  ore  was  in  a 

north- westerly  diiection.     ^lost 
of  the  ore  was  dmwn  to  Perth 
during   the  winter   nmnths    by 
teams,  the  distancf  being  about 
15  miles,  tach  team  making  one 
trip  a  day  and  avenging  four 
tons  pe    load  ;  the  road  being  a 
very  level  t»ne  this  quantity  "Mas 
taken  with  ease  by  the  ttrams. 
The  ore  was  shipped  frtjm  Perth 
to  Block vi.le  by  mil  and  thence 
by    uater   to   Cleveland.      The 
Cost  of  drawing   to  Perth    was         • 
81.10  per  ton.  ()perati«  ns  began 
at  this  mine  in  1807  by  Aiex- 
ftnder  Cowan  of  Montreal  and  were  continued  for  five  yeai-s.     I  cannot  ^ay  why 
the  work  was  stopped.     The  original  owner  of  the  piopcrty  wa^  J.  J.  Play  fair, 
who  1  thiiik  lived  on  the  lot  at  one  timl;.     While  the  mine  wjis  heing  worked  fr  m 
15  to  25  men  were  employed.     A  large  amount  of  ore  Wtis  ship|M:'d  fn)m  the  mine 
each  year,  but  I  cannot  say  how  ninny  tons.     1  always  undemtood  this  oie  gave 
entire  satistaction  at  the  smelting  wotks. 

R.  C.  Sktrrttt — 1  have  been  interested  in  mineral  d-  velopment  for  about  nine- 
teen years.    During  the  whoie  of  that  time  I  have  been  at  it  more  or  less  constantly.  {J^ik'*^^**'  *** 
In  Dalhousie  there  is  a  very  large  deposit  t^f  iron  pyrites  ;  it  seems  to  he  (>ne  mass. 
1  don't  know  how  ma^y  acre^  it  would  cover,  but  1  should  Kiy  there  are  very  many 
thousand  tuna  in  sight.     A  little  has  been  blasted  and  broken   but  there  has  been 
no  shafc  put  down.     It  look:*  hke  ordiniry  iron  pyrites,  l>ut  after  exposure  it  takes 
a  yellow  brissy  appearance.     I  think  it  is  magnetic  iron  i»yriti-8,  but  1  have  never 
held  a  needle  over  it.     1  thought  at  r)ne  time  of  trying  it  for  copper  ;  it  appeals  to 
canfy  a  percentage  of  copper.     Theie  is  very  litt  e  lock  in  it ;  it  api)ears  to  be  ab  ut 
80  or  90   per  cent,    pyrites.       It   is  about    400  or  500   feet    one   way  and   '200 
Or300  feet  the  other.     1  am  satisfied  it  goes  a  good  deal  further  than  that.     It  is 
•bout  22  miles  from  Perth.     I  was  at  the  Phiyfair  mine  when  it  was   working.  JJJJne***^'***^ 
There  was  a  groat  deal  of  ore  t  ken  our,  I  think  about  ir>,0<»0  i(»ns  altogether. 
The  vein  v  ried  very  much  in  width  ;  at  tinie:i  it  would  l>o  over  20  feet  and  again 
Jt  Would  be  down  to  2  or  3  feet  within  a  short  dist.mce.     I  think  it  was  a  lense  of 
ore  and  that  there  are  several  other  lenses  on  the  same  range  north  and  close  to  it. 
I  have  noticed   three   deposits 
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of  hematite,   but  1   cannot  s;iy 

whether  in  th  •  3rd  or  4th  c  »n-     £^^^3_      ^ 

J^ion  ;  they  are  near  the  I  lay- 

*'f  mine.     Those  1   saw  were 

Covered,  except  in  places  where 

^®y  had  been  o[)ened  by  some 

^^^'     I  am   satisfied    they   are 

Pjft»  of  a  large  deposit  below. 

The   Playfair    occurs    in   lime- 

•***ne  on   both  sides,    and   the 

^"*e  B  occur  in  the  s<ime  charac- 

J*f  of  rocks.     I  have  no  doubt 

oetnatite  could  be  found  ti  tlio        ^''°'  -^-   f*Jvf">r  min.-, -iiown.:,'  iT...,«.s,- itiuns.     »<.■;. ii;- coo 

Jorth  of  the  Playfair.  but  I  do  m)t    '****'  ^'  ""  *'"*'' 

kjiowabout  the  south.  Thereare  i,  ,^  .?.  4  ««./';,  »»um/>^iv  „f.i.att.<. 

•good  many  ilepo.sits  of  hemaMte  to  the  north  of  us  here,  but  it  would  require  a 
jMmond  drill  to  determine  their  value.  I  have  seen  some  d«  po.sits  at  ralmerhton, 
»yt there  has  been  nothing  done  at  all  and  1  cann«'t  si.v  an\  thing  about  them.  I 
|«ink  the  crystalline  limestone  in  intimniely  assoriated  with  the  hematite  «  re.  The 
«lMd  that  18  associated  wi  h  the  hematit  i.«»  highly  cryrtalline  a  d  coar.^e.  In 
Palmeraton,  where  there  is  hematite,  the  rocks  have  something  the  character  of 
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dolomite.  It  is  a  dilTeTent  kind  of  limestone  from  the  Flayfair  altogether.  I  mw 
very  little  eicapt  what  occurred  in  the  bush  and  I  did  not  disturb  it  ;  I  took  out 
Biime  CO  pounds.  There  is  soin-  hematite  near  the  Rideau  on  Adam's  lake,  in  north 
Burgess,  ^ind  some  work  has  been  done  on  it.  It  i»  no'  a  ver;  larfce  deposit ;  it 
would  perhaps  average  three  feet  at  the  outeide,  but  it  is  continuous.  On  Caldwell's 
property  in  Darling  they  hid  iiidicationa  of  a  grea'  deposit,  but  when  they  opfned 
up  they  did  not  find  it  ;  they  may  find  it  yet  as  there  is  hematite  tliere  in  aeveral 
places.  I  htve  seen  good  indicitii>nB  in  Darlin;;,  but  there  aie  no  la'ge  deposiU 
open.  I  think  lan;e  de  'Osits  will  be  found  on  Mr.  Bell's  pi  opcrty  at  White  lake. 
At  CharleatDn  lake,  in  the  county  of  Leeds,  there  is  hematile.  The  deposit  is  15  or 
IS  feet  wide  and  is  rich,  I  havo  seen  a  piece  tlrnt  wna  taken  out  and  analysed 
something  about  70  percent.  Theh>t  belongs  tn  the  g'lvemiiientatid  has  been  covered 
with  water.  Some  :)00  or  400  tons  of  it  have  been  taken  up  and  cnishe  I  for  pigment 
by  Mr.  Ramsay.  Tliere  is  some  heinatiie  also  on  Tk>q  lake,  near  Kingston.  It  is 
in  the  si  urian  limestone  and  is  lean  ore  Th^it  is  all  the  heniatitf  I  kn.>w  of.  The 
Playfa>rappcars  tube  the  moa' workable  locution  ;  tliire  is (jiiaiiiity  and  quality,  and 
there  has  lieon  dcvelopnicnt  to  n  considerable  extent ;  the  main  shaft  ie  di^wn  atxiut 
100  or  120  Feet,  On  the  8th  of  Bathurst  there  is  magnetic  ore  on  si:veral  properties. 
The  ore  occurn  in  very  im'glllar  for  n  :  it  is  not  continuous  and  12  feet  is  about 
the  greatest  width.  It  occurs  on  live  difii-rent  lots,  and  in  ei'ch  esse  with  graiiite  on 
both  nidua.  It  I'oiitnina  very  little  suli  hur.  There  has  b  -en  so  little  di-velopment 
done  that  it  ia  not  ]H)Bsili'e  to  say  anythi'ig  as  to  the  quantity.  1  do  not  think  there 
lught  tu  be  any  trouble  about  netting  a  la-'tie  supply  of  magnetic  ore.  and  I  ibink 
■ '      ' "  "■        iHte  could  be  ant  fnim'the  Playfair.     It  there  w^rea 

roulJ  be  found.  Theri-  is  a  Urge  quantity  of  the  ore 
■2,{  per  cent.  ;  that  wouM  have  to  be  calcined  before 
that  I   have  si'en   are  in  Palmerston  and  are  unde- 
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Bonsidenible 
demand  I  think  jileiity  oF  ot 
that  carries  sulphur  as  high 
smelting.     The  magnetic  or 
velope'l. 

WiUiiim  CiUdii'dL — I  am  a  lumberman  .ind  am  also 
deposits  in  thu  county  of  Lanark  towuahip  of  Levant.  We  can 
shows  in  one  lead  cropping  up  here  and  there,  thu  width  of  which 
that  is  with  thu  rock,  then  orn  nna 
rock  again.  The  ore  is  a  magnetite, 
and  an  analysis  shows  (il  pur  cent. 
iron,  no  phosphorus  and  no  titanium. 
In  the  Urifest  deprisit,  which  eroasos 
the  K.  &  P.  railway  and  is  about  half 
a  mile  fn^m  our  station,  there  is  2  per 
cent,  of  sulphur.  The  strike  is  about 
north-east.  Wo  hav-  qui  e  a  number 
of  shows  wkh  the  needle,  perhaps  half 
a  d  zeii  altoi!cther.  The  other  deposits 
appear  to  bo  free  from  sulphur,  and  as 
high  in  iron  a«  the  first  mentioned  ; 
they  do  not  look  like  titanium  ores,  t 
cannot  tell  you  the  character  of  the 
rock  associat'-d  with  the  large  deposit ; 

there  is  crystalline  limestone  in  places,  Fio.  33.    sketch  of  UkMhuII'i  Wttion. 

anl  farther  south  there  is  some  dioiite. 

I  am  satisfied  there  is  a  considerable  amount  of  iron  in  this  country.  Take  the 
townships  of  Levant,  Darling  and  B  gi>t  and  one  caniiot  go  on  any  hundred  acre* 
without  finding  a  strong  attraction  '.f  the  needle. 

TItnnuu  Rnytx — I  have  been  engaged  in  prospecting,  of  which  I  liave  done  » 
good  deal.  I  discovered  Mr,  Coe'a  Oalabogie  property.  I  have  discovered  a  num- 
bpr  c'f  other  pnperttes  ihnt  we  have  not  secured  yet.  They  are  in  Darling.  Bngot 
and  Packenhain,  I  am  satisfied  there  is  plenty  of  hematite  ore  and  that  it  is  of 
good  quality  ;  all  that  is  wanted  is  development. 

W.  II.  IVi/lie—l  am  interested  with  other  parties  in  iron  properties  in  the 
township  of  Darling.  On  tlie  east  half  of  IG  in  the  4th  we  have  specular  ore.  We 
have  made  no  development  more  than  sink  in  i{  two  or  three  pits.  Tho  ore  occurs 
on  a  hill  which  runs  down  to  a  marsh.  I  cannot  tell  tho  extent  of  the  deposit,  but 
it  seems  to  be  a  mas  of  ore  ;  we  traced  it  quite  a  distance,  perlukps  forSOOor  300 
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yards.     We  got  specimens  in  the  gravel  of  the  hill  for  a  width  of  150  feet,  but  I 

do  not  say  the  deptisit  is  that  wide.     The  principal  opening  is  at  the  foiit  of  the  hill. 

It  lias  not  been  stiipped  to  any  distance,  only  a  few  days'  w<>rk  having  been  done. 

The  show  was  so  good,  that  we  did  not  think  it  necessa'y  to  do  any  move  at  present, 

as  tli«3re  is  no  market     An  analysis  made  by  Dr.    Ricketts  of  Mew  York  shows  06 

pep  cent,    iron,  .030^  phosphorus    and  no   titanium.     The   general   course  of  the 

deposit  is  north-east  and  s^utH-west ;  that  is  the  c(.)urse  of  the  formation  ;^enerally. 

It  seems  to  dip  at  an  angle  of  about  40"*.     I  c^miiot  tell  you  the  wi>  th  of  the  dt  posit. 

We  h;ive  m-igiietic  ore  in  Darlintj,  on  the  east  half  of  22  in  the  3rd,    and  the  east 

halves  of  21  an-i  22  in  the  4th.     We  have  done  some  development  on    one  or  two  Magnetic  ore. 

lota,  on  the  east  half  of  21  and  22  particularly.     In  one  place  we  went  eight  or  nine 

feet  and  t  K>k  out  a  couple  of  cars  of  ore.     It  would  ave  age  about  60  [»er  ctnt. ; 

wiy  we  gc)t  assayed  showed  65  per  cent.     The  deposit  seems  to  be  very  considerable. 

We  g  .t  it  right  iicrosi  all  those  lots,  b  .  t  never  more  than  four  feet  wide.    It  contains  no 

pho^iphorus  and  very  little  sulphur.     The  analysis  shows  iron  65.^:3,  and  phosphoius 

-017.    There  is  limestone  on  one  side  air.l  diorite  upon  the  other,  or  hornblende 

J^cks  of  some  kind.     The  iron  formation  would  bo  about  half  the  width  of  our 

1^^«,  I  should  say.     North- wes'  of  the  iron  we  hav  j  copper  rocks,  where  there  is  a  in  Levant. 

^^U',  and  the  formation  changes.     In  tlie  township  of  Levant  we  have  several  lots 

^th  iron  ou  the  1st  an  I  2nd  concessions.     That  was  discovered  in  1881  aud  some 

development  work  has  be  n  done  ;  there  is  a  pit  2(»  or  30  feet  wide  and  (J  feet  deep. 

■^J^iiorewas  found  all  over  the  bottnn  of  the  pit  ;  as  far  as  we  could  judge  with 

^«e  nenlle  the  vein  was  from  50  to  60  feet  wide.     I  have  been  told  that  it  lias  been 

traced  for  about  a  mile,  but  I  have  not  traced  it  myself.     'I  he  strike  is  north-east 

**i<i  S'lUth-we-it.     The  surrounding  rocks  are  hornblende;  I  do  not  know  of  any  ^^*"*°**'^ 

J^^Uest'ine.     Wo  never  shipped  any  of  the  «  re.     At  that  tnne  we  h  :d  no  roads,  but 

^•iere  is  a  road  now  built  to  the  station,  four  miles  distant.      Mr.  Birkinbiue,  the 

J^'*<5ineer»  clas^d  it  as  a  good   Bjs<emer  ore.     He   did  not  think  it  would  require 

^    be  calcined.     Bog   iron  occui*3  in  low  gr»  und  in  the  t'>wnslii[>  of  ( Joulbounie. 

*«lere  is  a  vein  on  the  same  pr»]»erty  containing  pyrites.     I  alst>  own  an  iron  pyrites 

P^O|ierty  on  lot  6  in  the  -Ith  concession  of  Darling.     It  was  open-d  up  a  little  before  Iron  pyrites. 

^^  go*,  it ;  the  man  on  the  next  property  had  .one  down  7  orfi  fei-t ;  the  vein  was  full 

^*  C|uartz  and  ochre.    The  rock  on  one  side  is  crystalline  limestone  and  on  the  other 

***'>iite.     I  think  it  is  a  true  vein  ;  it  soems  to  go  sti-aight  dciwn.     The  vein  matter 

■tands  out  from  the  rojk  ;  it  is  ab(»ut  eight  feet  wide  At  tlie  top,  and  it  widens  out 

^  about  10  or  12  fe-t  at  the  bottom  of  the  pit,  which  is  now  down  about  35  feet. 

*-^  has  be-rn  traced  fully  a  mile  I  beli^jve.     The  an^ilysis  for  suiphur  showed  5.)  per 

^®*»t.  sulphur  and  (mly  a  tnice  of  gold  and  silver.     The  party  from  whom  we  gut  it 

^'*d.  specimens  from  the  surfice  which  hen;p>rteda8giving80gold  and35.50  silver. 

•*^  sKuuld  think  two-thirds  of  the  whole  vein  matter  is  pyrites.     Periiaps  one-half  of 

^*i©  vein  is  pure  pyrites,  and  would  do  to  make  sulphuric  acid  ;  the  pyrites  is  not 

**^agnetic. 

C.  Cl*jmo—Jn  Darling  I  worked  at  an  iron  pyrites   vein  for  Mr.  Wylie.     The 
▼©in  is  three  or  four  feet  wide.      We  took  out  some  very  large  specimens  ;  it  is  all  Iron  pmtes 
through  the   vein.       We    can  trice    it    for  l,«K)o  yar  s;    it  is   capped   over   in  *"  ^^*''""^- 
placed,  but  I  think  it  is  stra'ght  all  the  way.      We  went  down  3'>.  feet,  and  it  looked 
*•  J?ood  in  the  bottom  as  al>ove.     I  think  it  dips  a  little  to  the  south.     I  would 
^ke  a  contFict  to  get  the  pyrites  out  of  that  vein  at  from  3».50  to  81.75  a  ton. 

Janus   Bell — I  reside  at  .-Vrnprior.    I  am  a  geneml agent  and  hive  been  inter- 

^'^  in  mining  operatims  for  sixteen  years,  particularly  in  iron  properties.     I  own  The  McNab 

ptoperties  in  the  townships  of  Darling  and  McNab.     Jn  McNab  the  property  is  lot  °*^°*- 

-^in  the   I3th.     It  is  ab 'Ut  three-quarters  of  a  mile  west   from  Amprior  and  is 

S^Qerally  known   a^  the  McNab   mine.     It  was  opened  16  or  17  years  ago  j^nd 

^worked  at  tint  time  by  the  Peter  Bell    Iro.i  Co.  of  Bost  n,    thr<mij;h   their 

•gent,  J.  P.  Manstield.     They  worked  it  about  a  year  and  took  out  about  10,0  0  or 

15,0«)0  tons      They  stopped  working  beciuse  ol  trt>ubl«j  among  tht'inselves.     Work 

Vtt  resumed,  and  it  was  found  t  at  tlie  ore  diminished  in  <iuantity  ;  there  Wiis  a 

fiwlt  and  they  would  not  jo  to  the  trouble  of  diittin;^'.     An  Ohio  company  put  on 

A  feir  men  to  catch  the  lead   about  6'J  foet  from  the  oitenin^;  tirst  made,  right 

opposite  the  raii-^av  tra  k,  and  went  d  iwn  about  60  feet.      They  said  there  was 

oOQtiderable  ore,  b  it  the  water  came  in  and  they  ha  I  no  propter  pump.     Besides, 

jottthen  there  was  a  great  fall  in  the  price  of  ore,  and  it  was  a  l«>ng  way  to  take 

it  from  here  to  Cleveland,  so  they  d  opped  it      It  lay  for  a  number  of  years  till 

finally  it  was  divided  into  l(»ts  and  I  purchased  them.     At  the  time  I  acqui  ed  the 

Ikroperty  the  original  shaft  was  full  of  \^ater.     I  commenced  to  make  openings  on 
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the  vein,  went  down  about  10  feet  in  each  place  and  took  out  about  300  toi^a^j. 
After  that  I  did  not  do  aiiiyrhing  further  with  the  properly.     I  worked  part  of  o^mne 
Buuimer,  in  1883.     The  iron  appears  to  occur  in  mauiiesian  limestone.     The  sai  -^e 
occuireiice  can  be  traced   for  five  or  a  x  mil  s  on  the  same  course,  ,tho  indicati(^  'vib 
l)eiii'4  the  same.     The   r>re  from  the  mine  here  is  hcma>ite.     It  went  68  per  ceL~^t. 
iron  ;  there  was  a  small  pai^ic'e  of  phosphorus,  but  no  titanium  or  sulphur     AW  r. 
Walla«'e  of  the  Ohio  company  said  i!  Wiis  the  best  ore  they   ever  handled.     On  t-^e 
mine  hoe  there  w  s   a   cjippini;  of  ery^ta11ine  limestone  ;    niagiicsian  limestone        ^ 
expos  d  for  al>  »ut  40  feet,  and  then  disai)poar3  under   the  crystalline  limestone   ^^n 
the  north-wt'st  sitle.     I  have  oher  property  in  Darling  co  imposed  of  about  1,<   ^^ 
acres.     The  iron  tlie-e  i-  r^d  lieinatite  Jind  was  first  disc  >vered  about  25  years  a^  ^• 
No  mining  his  buen  done   beyond   the  prospecting  of  o[>enings.     I  have  aluo  .**" 
interest  in  an    iron    pr  i)erty    in    Monta'^ue,    couniy    of    L-mark,    ah  ut    1,'  ^^ 
acres  ;  there  is  bo^  ore  on  that,  proportv.      1  took  out  about  8'»0  or  1,^-00  tons  of  t-^^® 
bog  ore  ;  some  of  it  was  sold  in  the  United  States  and  was  smelted  there,  and  th.  ^^7 
told  me  at  the  furnace   ir    turned   out  51    per  cent      The  country  there  is  full      ^^ 
springs,  and  tlie  ore  is  a  ways  found  where  thure  has  been  a  flowing  spring.     I  th«»  ■'^ 
there  was  some   manjjanese  in  the  iron.     I  have  bo^  ore  also  at  Bevt- rage's  lal^^  ®» 
on  the  low  r  Kideau  l.ikw  ;  it  is  not  more  than  four  feet  deep.     A  man  to  whonrs-    ^ 
(rave  a  con  r  ct  toak  out  ISO  tons,  and  that  was  sold  in  Montreal.     It  was  exact:>^7 
like  the  other  ore. 

W.  T.  Newman — During  the  last  two  or  three  y»»ar3  I  liave  been  prospective^? 
in  the  Nipis  ung  districr,   particuhirly  ar  und   lake   Nipissin;^.     There  is  iron  d^^ 
Grea".  Manitou  island,  '.'0  mdes  fioni  Noith  Bay.     On  the  wime  locati*  n  magntftitf^  ®» 
hemitite  and  liuiiist  >ne  are  found.     Thee  is  no   limestone  for  hundreds  of  mil^    ^ 
in  th4'  countrv  except  w  lat  is  'Ui  that  islatid      From  the  ffict  that  the  com]>a8s  ir    -^ 
not  work  at  all  I  jud^e  th -re  is  a  great  deal  of  nr^.     The  hematite  is  in  situt"^      ^ 
the  magneti'e  in  b  lulde  s.     The  i)ropefty  is  densely  wooded.     I  believe  it  is  on 
same  range  as  Inm  island.     O.i  Iron   islan  1  iron  occurs  in  great  1  >o3e  pieces  on 
shore.     The  only  trace  of  a  vein  1  saw   there  aft*»r  considerable  investigation 
about  three  inches  wi  le.     I  have  examined  the  occurrence  on  Manitou  island 
Newman  island,  my  own  properties.     Th  crocks  are  limestone  and  aaiidstone. 
cannot  tell  you  the  rock  tlie  <»re  occurs  in.     I  never  saw  such  rocks  elsewh^^r 
there  are  great  pieces  of  h  iniblende  in  the  finnation.     It  is  different   f mm  an 
thing  I  eveis-iw.     It  is  a  reddih  crxstalline  rock  ;  that  on  the  south  is  bounded 
limestone.     Hematite  and  ma-.^'netite  occur  together  on  the  south  shore  of  la 
Nipissing,  about  t  iree  miles  from  the  Northern   rad^'ay,  in  the  township  of  Nipr'    "^^ 

sing.     Alrogetiher   I    h:ive  discovered  eiiht  different  deposits  of    iron  ore,  six         ^^ 

which  I  i\.\\\  satisfied  are  in  <pja  itity,  ihree  magnetite  and  three  hematite. 
six  are  workable  and  vary  in  width  from  two  to  four  fei't. 

K.  V.  IVr'nfht  -There  is  iron  all  through  the  ake  Temiscaming  country  and 
large  (quantities,  both  mugnetic  and  specul  tr.     There  is  also  a  great  dt^al  of  micacK. 
ir.>n  thr  'Ugh  that  country.     I  did  not  find  any  red  hematite.     I  think  the  nuM^ieV^   "^^  • 
ore  is  the  m  )st  plentiful.     I  hive  not  taken  out  any  specimens  or  made  any  aiialy^    —jSW 
of  it.     There  is  »  fine  magnetic  ore  a  little  south  of  the  Ontario  and  Quebec  Iniunda^^liJK^ 
line,  at  the  head  i)f  the  laki*,  and  the  Indians  told  us  it  was  six  miles  in  width.     TT^^-.l 
way  we  cam^i  to  nr>tice  ir.  was  on  account  of  all  the  trees  having  been  struck  wi ^'     * 
lightning.     It  is  at  Quinze  river,  at  the  he  id  of  the  I  ike.     1  have  not  seen  specul 
ore  iu  largi  bo. lies  except  ni  one  pi  ice  on  the  side  of  the  Montreal  river.     I 
not  h'jard  of  tne  occur  nee  of  red  hematite  in  that  section.     1  got  two  speciun 
fiom  the  Indians,  but  I  don't  kn  -w  where  they  came  from. 

*     "  Hearif  Ranyt^r — I  have  not  seen  any  inm  ore  of  any  consequence  in  the 
bury  district,  but  I  founl  a  largo  "leposit  of  iron  pyrites  in  the  township  of  Graha- 
It  shows  to  be  about  Midfeet  wide,   und  I  think  it  is  solid  pyrites.     It  is  br 
yell«»w,  something  like  copper  pyrites;  I  traced  it  for  about  300  yards.     It  is 
lot  12  in  tho3rd  of  Graham. 

Thomas  Frood — Back  from  lake  Huron,  on  the  Wallace  mine  location,  is  a  der 
of  iron  ;  it  is  on  the  side  of  the  mountain.     A  shaft  has  been  sunk  there  to  the  df*] 
of  a'tout  20  fee^'.     That  shaft  was  cleaned  out  this  spri  g  by  a  Oornieh  miner  w] 
employ  d  for  the  purpose.     The  iron  is  on  V<v.  reir  of  the  property,  north-east  fi 
the  old  Wallace   mine.     The   property   as   originally   patented   consisted  of  2,i 
acres,  and  the  llunhes  Bros,  of  Toronto  and  myselt  now  contrtd  l,6.iO  acres  of 
It  is  on  this  1,60.)  acres  that,  all  the  work  has  been  done      I  cannot  exactly  say 
the  iron  should  be  classified.     It  is  of  steel  color,  slightly  magoetio;  part  of  il 


»c]  aud  very  soft.  The  vein  is  visible  for  aboOt  200  yaida  ;  at  the  west  end  on  the 
BU  fnce  it  18  about  six  inchen  widf  ;  at  the  east  end,  wheie  the  pit  has  been  sunk, 
blie  width  of  the  vein  is  about  8  feet.  The  depth  uf  tlie  pit  u  about  *20  feet  and 
ilie  veiu_8eein9  to  incretise  in  width,  and  the  ore  to  improve  in  quality  as  we  ao 

of  th< 


yfvn.     There  have  been  no  assays  made   ^iince   we  have   had   possession  of  the 
'IMjrty. 

Henry  S.  Hedges—  One  of  three  deposits  of  hematite  iron  which  I  discovered 
ne;%.r  the  Wallace  mine  lo>atioii  I  believe  will  list  for  three  generations  if  woiked.  Henuttlt« tnd 
lb  is  an  enor  1  ous  ma-^s  of  ort\     The  hematite  and  ntagnetite  beds  disc  veredby  me  *"*^®i!^*I?" 
i^re  quite  close  toixether  onthe  same  j)r.»pirty  ;  it  crops  out  all  over  s<mie  tO  or  15  ^^ 

WL  rres      lb  is  on  high  land,   near  the  water,  nnd  is  handy  for  shipping.     I  had  to  sell 

of  tliis  property  hO  as  to  be  able  to  retain  ])art. 

Jatn^s  Stobie — T  opened  up  and  worked  the  iron  mine  at  Desert  lake,  in  the 
nship  of  Cothn,  f  r  some  years.     I  opened  it  up  in  1874,  and  worked  it  three  or  Desert  Uk^lO' 
f   ur  years.     We  f«.rme  •  a  st  ck  company,  but  iron  fell  and  we  never  work*  d  under  c»i*oo- 
^Ke  charter.     The  width  of  the  vein  was  from  two  to  eleven  feet.     It  Wiis  hill-like, 
Jkncl  the  greatest  height  of  ore  above  the  surrunnding  country  was  50  feet.     We 
<iri»ve  tw*  adics.     It  was  an  outcrop  aud  we  could  trace  the  ore  through  the  centre 
of  the  bluff  for  a  couple  of  miles.     We  had   160  acres,  and  there  was  an  adjoining 
1«K»ition  Uiketi  up  by  E.  B.  B  irton  ;  it  wa^^  hematite.     I  cannot  tell  you  the  nam- 
l>er  of  lous  wo  s'lipped  to  Detroit,  but  there  were  several  vessel  loads  ;  we  ^hipped 
^hr^^e  *(eaM>us,  and  used  to  h  lul  to  the  w.itor  during  the  winter.     The  location  is 
t4)Q  m  les  north-west  of  the  Bruce  mines.     The  principal  owners  live  in  Detroit. 
^Ttiere  in  no  better  ore  anywhere  than  thit  is  ;  it  is  free  from  sulphur,  ti  anium  and 
phosph«tru8,  as  far  as  I  know.     No  work  has  b  en  done  since  the  time  1  wtuked  it. 
±  thi  ik  if  we  hiMl  con  tin  le  I  we  would   liave  fr)un(l   the  greatest  quantity  of  ore  in 
^he  low  gro'ind.     Part  of  it  Wiis  soft  hematite.     Had  work  cimtinued  it  was  our 
intention,  if  we  found  a  large  (\\i  nitity  of  ore,  to  smelt  it  right  there.     I  think  our 
^e|K>»t  wi»uld  pn>ve  t<»  be  a  per    anent  vein  ;  it  did  not  appear  to  be  in  pockets.  The 
Xrtcloche  moua'^ain  country  is  very  similar  to  the  country  at  Desert  lake.     In  the  The  Lacloch* 
>^?gion  fn»m  KilUmey  to  the  Sault  we  find  ir:;n  between  quartzite  aud  diorite  ;  the  roounuin 
^Ijility  U  very  good  there  and  important  discoveries  will,  1  thnk,  yet   be  made  ^**"''y- 
^ere.    There  is  no  gbol  iron  ore  in  t  e  Sudbury  region  that  I  hav«  seen  ;  it  has  -.    «  .. 
^00  much  sulphur,  but  I  have  found  boulde.s  at  Sudbury  and  farther  north  with  re/ion.    ^"^ 
i*>od  ore. 

William  Plnmmer — I  have  examined  an  iron  deposit  at  Desert  lake  ;  it  is  in 
<luite  luTise  vein^  or  beds,  and  occurs  in  quartzite.     I  am  speaking  of  the  locttion  Deseit  lake  and 
^»t  w.ts  work  -d  by  Mr.  Sci.»bie.     The  ora  Wiis  of  very  good  quality,  but  he  h  id  not  other  kcatlons, 
^0  m.^aus  to  w«>rk  it      Tnore  ar*  at  Missi4au.(a  three  or  four  mining  locations, 
^exft  ainei  'hem  twenty-tive  years  ago,  and  nothing  has  been  done  with  them  since. 

R.  E,  Bailey— ^Ve  have  an  iron  property  near  Echo  lake,  about  three-aml-a- 
Mf  milen  north-east  of  the  p  »int  where  the  r'ver  enters  into  the  lake.  We  have  iron  propertlav 
V'KDrerjd  thi  iron  in  six  or  s  -ven  pla'jes  and  found  it  of  good  quality  for  a  width  near  Echo  lake. 
^  1>  or  20  feet;  we  t-acel  it  for  ab.^ut  1,400  feet.  It  seems  to  run  east 
*nd  ircs^-,  but  I  am  n  't  pos  tiv*  as  t »  that  I  cannot  say  whether  it  is  a  vein  or  a 
l»l.  We  have  had  the  ovi  analysed,  and  it  shows  Go  ]»er  cent.  ;  it  is  very  free 
^m  posphorui  and  sulphur.  There  is  4  very  lar:^e  quantity  of  the  ore,  and  it  is 
•*nly  for  diippinr,  boinx  about  three  miles  frton  tie  river  and  only  nine  mil -s 
'pHii  rh«»  Cmadim  Pacific  railway.  I  cannot  say  wh.it  the  country*  rock  is  as  I  did 
^'^textmine  it  ;  I  was  only  on  t  e  ground  a  few  minutes.  I  have  heard  of  several 
^i^er  irm  loca  ionis  anjund  there  which  are  Kaid  to  be  uood. 

P.  C.  C'impheU — I  have  the  option,  from  a  Milwaukee  company,  of  an  iron 
^ieposit  north  from  Ejh  >  lake  ;  it  is  aVioat  thr  e  mile^  north-east  of  tlio  lake.  I 
^•J^atr-'njh  in  the  g 'ss-m  covering  it  for  some  M>  feet ;  we  trac-'d  it  ^mic  400 
*«et  aid  ounl  it  w.is  capped  by  a  blulfof  the  count'^y  ri»ck  ;  we  examined  further 
**>'  die  tvered  it  ^giin  bjyo  id  the  bluff.  The  ore  is  hematite,  there  hcing  «i«i  per 
^^t  metallic  irou  ;  it  is  a  very  pure  ore.  and  so  soft  tha  one  can  dig  it  with  a 
•We. 

Alex.  Sawtfer — 1  have  done  some  exploring  in  the  .A Ignma  district,  and  have 
'jUnlan  inm  mine  in  or  ne^ir  Miclon  Id  'ownship.      I  ran  across  some  rithers,  but  OntheOardea 
*«ey  Wore  l«H5ated.     Tie  de(>os  t  is   alK>ut   tiftcn   inches  wide  where  it  shows.      I  Riverreeerra, 
*^llo«eil  in  the  direct  on  I  thi»ug-it  it  would  lea*!,  and  found  it  again  at  tlie  end  of 
^Oftj  Kreg.     The  ore  is  very  pure  and  heavy.     1  du  not  think  it  is  exactly  in  Mac- 
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donald ;  it  i^  in  what  was  the  old  Indian  reserve.  It  is  about  thre^ -quarters  of  a 
nide  f  oin  Bailey's  location — t  >  the  noith-east.  I  had  to  get  money  from  Mr. 
Pluniiuer  to  secure  the  location,  and  hud  to  ^ive  him  an  interest  in  it  to  do  so. 

William  Murdocti — 1  have  sold  an  interest  I  had  in  a  verj'  large  iron  deposit 
PepodUon         near  Loon  lake.     Mr.  Coste  of  the  geological  survey  says  there  is  a  million  tons  of 
L^  and  Ruby   ^^.^  -j^  sight.     On  Ruby  ;ako  there  is  a  deposit  of  very  good  hematite  that  will  g«> 
65  per  cent. 

William   Riissell — We  had  many  locations  to  survey  this  year,  particularly  in 
Sunreys  of  iron    the  iron  region  west.     We  wi  I  survey  this  year,  counting  what  is  now  in  prt»gress, 
p*^f*A"V^*^*^'  porha[>s  seventy  locations,  the  majority  being  iron  locations      Beginnin*(  about  the 
^'         "''       head  of  Cyprescs  lake,  south-west   to  Carp  lake,    a   dist^mca  of  ai  out   14   milt-s, 
we  have  surveyed  between  thirty-five  and  forty  locations,  the  total  area  of  which 
would  be  about  4,000  acres.     The  surveys  were  almost  invariably  made  for  Ameri- 
can cajdtalists.     On  all  these  loca'ious,  with  one  exception,  there  is  iron  to  be  seen. 
The  ore  is  in  general  red  Jiematite,  but  some  of  it  is  ujagnetic.      It  occurs  in  con- 
nection wiih  jasper.     Tht-se  beds  of  ore  are  ve  ns  from   10  and  20  to  150  feet  in 
width.     In  the  Tower  region  no  e  exceed  200  feet,  and  the  average  would  bo  about 
the  same  as  ours.     I  found  a  vein  in  which   iron  occurs  with  silicious  matter,  100 
feet  wide  ;  the  surrounding  rock  was  green  s'ate. 

Thomas  Hooper — From  what  I  see  in  the  lake  Superior  countr}'  the  iron  out- 

Mairnetic  atid      look  is  \\  ry  promising.     I  have  seen  many  good  sptcimena  of  oie  from  this  district. 

Ui™lake'suceri^  ^    have   seen    Al    magnetic   ore  that   would  go  (»0  to  70   per    c«  nt.  ;    that    was 

or  di«irict.  from  very  near  t  e  boundary  line.     I  have  st^en  some  hard  hematite  of  very  fair 

quality,  and  I  have  seen  some   that  carried  titanium.     The  specimens  that  I  saw 

fr  m  both  sides  of  the  line  were  very  similar.    I  have  had  a  good  deal  of  experience 

with  inm,  and  h  ive  shipped  a  great  many  thousand  tons. 

JVilliam  Manjaeh — Last  season  I  travelled  along  the  national  bourdary  ;  I  wa» 

SurveyinK  iron    examini  ig  that  country  to  ascertain  what  amount  of  timber  had  bvon  destroyed  by 

locations.  fij.g        ^^  ^.j^^  head  waters  of  the  Pigeon  river  I  observed  here  and  there  large 

qnantiti  s  of  iron.     I  lound  a  survey  party  la3ing  out  a  location  for  iron  on  Si>uth 

lake  mIso  on  Gun  Flint  lake,  and  on  Hunter's  irsland.     Fifty  mile-  further  west  I 

Ore  on  Hunter's  ^""^i*!  two  parties  of  surveyor-*,  one  on  the  American  and  one  on  the  Canadian  side. 

liland.  I  found  dozens  of  i)arlies,  principally  of  Americans,  exploring  for  iron.     I  showed 

the  Tower  miners  some  specimens  that  I  got  from  the  surveyoi-s,  and  they  mixed 

them  up  with  their  own  and  could  not  pick   them  out  afterwards.     It  seemed  to 

be  the  same  color  as  theirs — a  red  hematite.     Since  tht*n  thousands  of  acres  i»f  iron 

land   have   been   taken    up   on  Hunter's   island    and   parties  are  still  survey  ng. 

Hunter's  island  is  about  tiO  miles  long  and  from   15  to  20  wide.      It  is  a  very 

roc  xy  country  ;  there  has  been  timber,   but  it  has  been   burned    over  ;  there  is 

still  some  go)d  pine  there,  but  I  cannot  say  how  much.     The  whole  of  the  island 

seems  to  be  mineral  bearing,  but  the  indications  on  the  south  are  better  than  on  the 

north.     From  the  lower  end  of  South  lake  to   the  upper  end  of  Gunflint  lake,  a 

distance  of  twelve  miles,  it  seems  to  be  all  hematite  iron.     We  also  know  from  tho 

hem2?teore^'    water  that  there  i^  magnetic  iron.     Immediately  across  the  boider  from  Gunflint 

lake  the  Americans  have  put  in  a  diamond  drill,  resulting  in  their  finding  iron  to 

the   depth  of  forty  feet  ;    they  got  through  it  at  that  depth.     Gunflint  lake  is 

70  or  80  milesj  from  Port  Arthur,   and  from  that  on  to  Basswood   lake  is  iron 

formition. 

Peter  McKellar — Iron  is  widely  distributed  over  the  lake  Superior  district. 
Iron  ores  in  the  and  there  is  a  great  amount  of  it ;  often  it  is  low  grade,  as  low  as  twenty-eight  or 
Ui^Superior  thirty -six  per  cent.  At  Wabagon  there  is  an  imm-  nse  deposit,  but  though  it  loolts 
well  the  iron  only  goes  about  35  to  40  or  50  p»r  cent.  The  best  grade  dis- 
covered in  f'is  district  is  a^  the  Atik-okan  or  Antler  river  ;  it  averages  iA  percent., 
Th  Atik-ok  ****^  ^^^®  have  been  got  that  will  go  70  per  cent.  About  three  hundred  samples 
deposit.  have  been  tested,  and  there  is  no  de(K)sit  on  the  south  shore  that  is  better ;  it  is 

regular  magnetic  ore.  That  deposit  is  about  ninety-five  miles  from  I  ort  Arthur 
and  thirty-two  miles  from  the  Can  idian  Pacific  railway.  It  runs  from  about  sixty 
to  125  feet  above  the  level  of  the  plain,  and  is  about  .*500  to  400  feet  through.  The 
iron  is  in  two  runs  of  thirty  and  sixty  feet  each  in  width.  We  can  follow  it  four  or 
five  miles  and  see  it  crop  out  here  and  there,  though  it  is  not  rich  in  places.  Its 
strike  is  ea<t  and  west,  whilt^  that  of  the  Minnesota  range  is  north-east  and  south- 
west. Another  body  of  similar  ore  has  been  found  at  Rainy  lake,  and  is  nearly  on 
OnBainylake.  a  line  with  the  Atik-okan.  I  understand  there  is  titanium  in  that,  but  the  percent- 
age is  good.     The  Minnesota  iron  range  enters  the  province  of  Ontario  near  Bass- 


145 


wood  lake,  about  125  miles  from  Port  Arthur.     It  is  hematite,  and  will  yield  about 
^    per  cent,  right  along.      In  some  places  there  is  a  great  deal  of   rock  in  it,  Th«  Minnaioto 
and.   it  is  low  in  grade.     It  is  in  very  large  deposits.     At  Qunflint  it  is  magnetic,  '•nge  in  Ontario, 
is  found  in  flat  beds,  ana  there  may  be  great  quantities  of  it.     On  the  American 
■ide  mines  in  the  same  formation  are  very  rich.      The  magnetic  ore  assayed  over 
70    per  cent.,  and  there  is  no  higher  grade.      The   ore  was  tested  in   Chicago, 
Mid  also  by  Professor  Chapman.     In  Chicago  they  say  there  is  no  better  ore  in  the 
world.    There  is  a  little  phosphorus,  but  very  little  ;  there  is  no  titanium  or  sul- 
phur.    I  am  satisfied  it  is  in  very  large  quantitied,  and  there  are  millions  of  tons 
tliat  may  be  quarried.     On  the  American  side  operations  are  being  carried  on  at 
Tower,  and  the  mines  are  producing  immensely.     It  is  shipped  by  railway  to 
Buluth,  a  distance  of  ninety  miles,  and  thence  to  Chicago.     There  are  bodies  of 
iron  at  the  Pic  river  60  feet  thick.    It  is  magnetic  ore,  but  a  great  many  deposits  iron  deposits  on 
^oe  silicious,  and  some  have  phosphorus  all  through,  and  that  ruins  it.     There  are  ^^  nver. 
other  bodies  near  by  that  have  no  phosphorus.     There  are  large  bodies  of  ore 
that  go  50  per  cent.,  but  they  are  very  far  from  navigation  and  could  not  be 
worked  now;  the  beds  are  from  thirty  to  fifty  feet  thick.     At  Jackfish  ^*y  ^o  jackflMh b* 
iound  some  bodies  of  magnetic  ore,  but  they  did  not  continue  well.     There  is  ^' 

hematite  ore  on  the  Mattawa  river,  but  a  great  deal  of  it  is  too  low  grade.     It  has  on  the  Mattawa 
not  been  well  explored.     Tnere  is  lean  ore  west  of  the  Kaminisiiquia  river,  running  and  Kaminiati- 
north-east  and  south-west,  and  there  is  also  a  great  deal  of  lean  ore  in  the  township  **"**  rf^«"- 
<xf  Moss.     This  is  in  the  Huronian  formation,  similar  to  that  in  which  the  good  ore  '?,^^^  town- 
oocurs.    The  walls  of  the  iron  ore  are  sometimes  quartzite,  sometimes  jasper,  and  "   ^' 
Aoinetimes  chloritic  slate  or  diorite. 

Dr.  Henson — I  have  seen  a  deposit  of  magnetic  iron  ore  about  50  miles  north  i>epo*it«  on 
of  the  Canadian  Pacific  railway,  on  Eagle  river.  It  seemed  to  be  a  large  deposit  as  ^**  ^^^' 
*een  from  the  river. 

LEAD. 

Many  lead  veins  are  found  in  the  province,  but  none  are  now  being 
forked,  and  it  may  be  said  that  as  yet  none  have  been  successfully  developed.  Arjrentiferoua 
Evidence  is  given  with  reference  to  the  argentiferous  galena  vein  near  Garden  ^  ^"^ 
river,  east  of  Sault  Ste.  Marie,  and  also  the  galena  vein  in  Frontenac  near 
Kington.  The  latter  is  described  by  Mr.  Yennor  in  the  Geological  Survey 
Import,  1866-69.  The  silver  carrying  veins  of  the  Port  Arthur  district  all 
oarrj  more  or  less  lead. 

The  Bamsay  lead  mine,  near  Carleton  Place,  county  of  Lanark,  was  the 

<ttily  location  visited  by  the  Commission  where  galena  alone  had  been  worked.  Ramsay  mine. 

Some  lead  was  smelted  there,  bat  the  enterprise  was  not  a  success.     A  calc- 

<par  vein  cuts  the  calciferous  dolomitic  limestone  and  is  said  to  run  into  the 

Potsdam  series  below,  where  it  narrows,  and  into  which  it  has  been  followed 

forty  feet  without  improvement.     Its  strike  is  north  40^  west,  and  on  the 

Burftce  is  from  two  to  four  feet  wide.     The  shaft  was  put  down,  we  were 

^iif ormed,  to  a  depth  of  ninety  feet,  and  at  fifty  feet,  just  above  the  sandstone, 

it  was  two  feet  in  width.     Galena  crystals  occur  disseminated  in  bunches  h^re 

^xid  there  through  the  vein.     Most  of  the  ore  was  obtained  from  open  cuts 

^<id  surface  excavations  along  the  vein,  and  we  were  informed  that  29  tons  of 

^^nd  was  smelted  one  summer.    The  ore  was  rolled  and  concentrated,  and  then 

^iXkelted  in  an  open  hearth  with  a  cast  iron  pot  below  to  receive  the  metallic  lead. 

Ajctoss  a  field  to  the  east  of  the  Bamsay  shaft  is  another  similar  and  apparently 

P^allel  calcspar  vein,  carrying  galena  in  the  same  manner.     The  vein  is  four 

^M  wide  and  appears  well  defined  in  close  grained  limestone  walls.    The  strike 

U  north  15^  west. 

J.  M.  Maehar — I  am  a  barrister  and  live  in  Kingston.  The  Frontenac  lead 
ndne  locatioii  is  on  the  south  half  of  16  and  the  north-east  120  acres  of  15  in  the 
Mh  eoDcession  of  Loughborough.     The  vein  crosses  both  of  those  lots  from  south- 

10(1LC.) 
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east  to  north-west,  cutting;  across  the  strata.     The  country  rock  is  gneiss.    The 
vein  was  discovered  partly  by  the  out-croppings,  and  partly  by  the  existence  of 
sink  holes  on  the  course  of  the  vein.     It  is  composed  of  calcspar,  and  varies  from 
12  to  15  feet  in  width.     It  carries  galena  pretty  much  all  through,  some  parts  being 
richer  than  others,  and  5  oz.  of  silver  to  the  ton  of  galena.     Taking  the  whole  vein 
matter  it  goes  12  per  cent,  of  galena.     Our  method  was  very  poor,  and  we  juit 
about  paid  our  outlay.     In  1875  we  made  a  lease  to  F.  Stockwell  for  ten  years  st 
$1,000  a  year  and  a  royalty  of  five  per  cent.     The  rent  was  paid  for  the  first  five 
years,  and  we  hold  a  judgment  for  the  balance  of  the  term.     Stock  Well  oiganised 
an  English  company  with  a  very  large  capital.     This  company  worked  for  aboat  a 
year,  and  I  attribute  their  ill  success  to  bad  management.     They  put  up  smelting 
works  and  smelted  for  a  couple  of  years  at  intervals.     The  works  were  put  up  in 
1879,  and  the  last  smelting  on  account  of  this  mine  was  in  1881  or  1882.     We  had 
three  American  hearths  at  the  mine,  and  did  a  considerable  amount  of  smelting. 
The  galena  was  pretty  well  distributed  all  through  the  vein,  which  seemed  to  im> 
prove   downward   and   westward.      We   went  down   about   103  feet;    the    com- 
pany went  about  28  fathoms  before  they  stopped  at  the  main  mine.     The  last  piece 
they  took  out  was  a  cubic  foot  in  size  and  weighed  about  200  pounds.     We  dnfted 
into  the  shaft  from  the  bottom  of  the  hill  for  about  300  feet  along  the  vein,  and  the 
English  company  had  a  level  below  that.     We  did  some  stoping  and  the  English 
company  did  some  also.     They  had  another  level  about  60  feet  further  down  again, 
but  I  don't  think  they  did  any  stoping  between  the  first  and  second  levels.     The 
English  company  was  as  badly  managed  as  it  could  be.     To  begin  with,  it  was  stocked 
for  an  absiim   amount,  and  I  don't  think  much   was  paid  in.     I  have  seen  the 
captain  speechless  with  drink,  so  that  between  mismanagement,  dissipation  and 
general  recklessness   there  could  be  but  one  ending — failure.     Mr.  Stockwell  tried 
to  get  a  renewal  of  the  lease  so  as  to  organise  another  company  in  England.     He 
got  an  option  from  us,  but  it  ran  out  in  July  last  and   we  declined  to  extend  the 
time. 

Charles  Clymo — I  am  a  miner  and  was  bom  in  Cornwall,  England.  At  present 
I  live  at  Carleton  Place.  I  worked  in  mines  from  the  time  I  was  13  years  old  till 
I  was  27  in  England.  The  old  Ramsay  mine  near  Carleton  Place  was  down  about 
60  feet  when  I  came  here.  We  put  in  a  12-inch  pump  to  keep  down  the  water, 
instead  of  the  two  pumps  they  had  before,  and  which  were  not  sufficient.  We 
followed  the  vein  till  we  came  to  the  sandstone.  At  50  feet  the  vein  was  about 
two  feet  wide,  but  where  we  struck  the  sandstone  it  got  to  be  very  small.  We  went 
down  into  the  sandstone  about  40  feet  ;  it  was  of  a  pink  color.  The  vein  could  be 
traced  for  miles.  We  did  not  drift  at  all  ;  we  could  not  drift,  because  we  struck 
the  sandstone  too  soon.  I  cannot  tell  you  how  many  tons  were  taken  out  while  I 
was  there,  i)erhaps  between  10  and  20  tons.  The  mine  had  been  worked  some  years 
before  1  arrived  ;  one  man  had  smelted  39  tons.  How  much  was  taken  before  that 
I  cannot  tell.  The  smelting  works  were  put  up  before  I  came,  and  I  have  been 
told  that  29  tons  wore  smelted  one  summer.  I  cannot  tell  what  it  went  in  silver  to 
the  ton,  but  I  think  it  was  about  7  or  8  oz.  There  are  other  veins  to  the  north- 
east I  believe,  but  I  did  not  work  on  them  ;  I  did  on  Mr.  Wylie's  claim  to  the  west. 
There  is  a  vein  to  the  west  six  I'eet  wide,  and  speckled  all  over  with  lead.  These 
Composition  of  veins  are  good,  I  think  main  lode-,  as  we  call  t^em  ;  both  walls  are  the  same.  I 
the  vein.  ^^^^  barytcs  in  the  vein,  but  the  vein  stuff  is  calcspar.     There  was  a  good  deal  of 

barytes  in  places,  and  some  of  it  very  good. 

W.  H.  Wylie — I  am  a  woollen  manufacturer,  residing  in  Carleton  Place,  but  I 
have  been  interested  in  mining  properties.     The  first  in  which  I  was  interested  was 

Galena  veins  in    a  galena  mine  in  the  township  of  Ramsay,  on  lot  5  of  the  4th  concession,  1  think. 

Ramsay.  It  occurs  in  a  vein  in  crystalline  limestone,  and  the  strike  is  east  and  west.     To- 

warde  the  east  it  went  into  the  gnoiss  rock,  and  after  that  it  pinched  out  and  we 
lost  it.  On  the  west  we  lost  it  in  the  gully.  We  did  not  trace  it  my  farther,  as  it 
was  the  edge  of  the  lot.  We  traced  it  altogether  about  half  a  mile  ;  it  was  angling 
across  the  lot.  The  width  of  the  vein  was  about  four  feet,  ranging  from  two  to 
five  feet.  The  vein  matter  was  cilcspar  and  some  barytes.  We  spent  considerable 
money  in  opening  it  up  ;  we  sank  one  pit  13  feet,  and  another  12  feet.  We  had 
several  analyses  made,  the  first  showing  lead,  gold  and  silver — $76  gold,  $22  silver, 
and  60  per  cent,  lead  per  ton.  The  analysis  was  made  by  Dr.  Gertwood,  of 
Montreal.  The  assay  was  of  selected  ore.  There  were  some  nu^ets  of  lead.  We 
did  not  find  any  free  g<^ld,  and  I  am  doubtful  about  the  occurrence  of  gold,  unleas 
it  was  in  mispickel.  We  got  some  mispickel  and  some  copper  pyrites  in  th'e  vein. 
We  took  out  considerable,  but  never  shipped  any  away. 


The  Ramsay 
mine. 


Smelting  works. 
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John  8.  SkeuxM — I  liire  near  Echo  lake  and  am  at  present  caretaker  of  the 
Ar^ictoria  mine.  I  first  took  chai^^e  of  the  Victoria  mine  in  the  fall  of  1877  ;  at  that  The  Vietorift 
the  shaft  was  &i  feet  down  and  I  sank  it  410  feet.  The  vein  itself  is  49  feet  ^^  •*  ^^*** 
the  shaft  is  12  by  6  feet,  and  the  pay  streak  is  from  three  feet  down  to  a  few 
The  general  course  of  the  vein  is  about  north  and  south.  AH  that  was 
■  1  lipped  was  hand-picked  and  put  up  in  barrels.  Some  shipments  were  made  before 
xxay  time,  and  we  made  three  or  fnur  shipments  in  1878  and  1H80.  A  ver^'  large 
flkUpment  was  made  in  1880,  but  I  cannot  tell  you  the  number  of  tons,  neither  can 
!K  tell  you  the  total  amount  shipi>ed  ;  Mr.  Ross  of  Quebec  has  a  record  of  that.  We 
ive  ready  for  shipment  about  40  tons  of  tirst  class  ore,  and  we  have  about  5,000 
ready  to  concentrate  fmm  which  we  cuutd  possibly  get  1,0(0  tons  of  dressed 
»re  of  t)0  per  cent,  lead,  and  perhafv  37  ounces  of  silver  to  the  ton  of  lead.  Besides 
lie  410  foot  shaft  there  is  one  of  100  feet.     There  are  drifu  at  li)0,  210,  tfOo,  and 

feet  from  the  surface,  and  there  are  cross-cuts  at  50,  100,  150,  :i27  and  410  Extent  of  the 
^^eet.     We  had  a  steam  hoisting  engine  of  15  h.p.  and  a  second  one  tliat  we  never  working. 
^KMt  in  position.     We  have  on  hand  the  machinery  for  concentrating,  crushing  etc. 
"^When  I  took  charge  there  were  about  79  men  employed,  most  of  them  building, 
chopping  and  making  roaas  ;  9  of  them  were  miners.     The  second  year  there  were 
miners,  the  thirj  \ear  we  were  idle  and  the  fourth  we  had  27  ;  the  highest  we 
~  was  35  I  think.     The  number  of  >urface  men  whs  diminished  after  the  tirst  Miners  and  sur* 
in  the  winter  we  sometimes  had  liO  or  40  Indians  chi»ppin^  wckkI,  but  they  '*««n»«n. 
"^ould  not  work  regularly.     Uur  regular  surface  hands  were  a  blacksmith,  a  carpeu- 
^4r,  teamster  and  two  engine  drivers  all  the  year  round  :  other  men  were  employed 
i-mproving  the  ruad.     The  ore  was  shipjied  to  Swansea  and  was  sold  for  what  it 
'Vfould  bring  in  the  market.     S(»me  shipments  were  made  to  Kiliimore,  Wyandotte 
•nd  Kingston  the  first  year.     After  th»t  it  all  went  to  Swansea.      We  got  credit  for 
^^e  silver.     The  Hon.  J.  S.  Ross  of  Quebec  is  the  president  of  the  company  :  the 
Erectors  are  CoL  Rh<.-<les  and  J.  J.  Scott  (if  New  York.     The  capital  8ti>ck  was  stockholders  !■ 
^iOOjlW,  of  which  ^5,0j0  is  still  unsoM.  There  were  not  many  American  sharehold-  **'*  «>mp^j- 
^n;  originaly  there  were  only  three  persons  connected  with  it,  Messrs.  Rhodes.  Ross 
^^d  Campbell.     Campbell  g(»t  into  financial  difiiculties  and  his  str>ck  was  distributed 
**niong  his  friends.     Our  mine  is  at  present  tilled  wiili  water.     The  Cascade  mine  is 
^oae  to  ours  and  is  supposed  to  l>e  on  the  same  vein.     It  is  ownod  by  a  Chic-^go 
^otnpauy.     It  was  worked  t*ta  certain  extent  for  about  four  years  and  closeil  down  The  CMc^de 
•bout  two  years  ago.     Une  shaft  was  [»ut  down  to  a  depth  ot  al>out  2»  0  feet  ;  some  ™*"*- 
^t>ta-cuts  were  made,  two  level*  extended  about  20* »  feet,  and  r^ouie  stoping  done. 
^*He  general  character  of  the  vein   was  nh«>ut  the  same  as  ours,  the  waLs  being 
Sj^nite.     The  mine  mas  shut  down  on  account  of  the  extravagance  of  t)ie  manacer. 
They  had  hoisting  machinery,  a  2.Vh.p.  engine  in    the  mill,   hud  a  Blake  oru>her. 
Miners  were  paid  about  82  adiy  :  surface  men  from  81.25  to  81. ''0.     Blacksmiths, 
^i^^ne  drivers  and  carpenters  wrmid  get  the  same  as  the  miners.     The  ass^iv  (ritm 
•haft  2  of  the  Victoria  mine  shows  at  100  feet  13.2  oz.  silver  and  r»4  |K?r  crnt.  lead.  A*8*3-s  of  the 
Shaft   1,  at  the  100  ft.   kvel.  23  oz.  silver  and  72  i»er  cent,  leid  :  at  the  150  ft.  J*^"^™"""* 
level,    :ild   oz.    silver  and   7*>   per  cent,    lead  ;    at  the  *2iM}  ft    level.  10  oz.  silver 
^od  62  per  cent,  lead,  and   at   the  327   ft.  level,   29  oz.   of  silver  and   54  per 
^m.  lead. 

E.  B.  Borron — Lead  is  not  as  fre<)uently  met  with  on  lake  Sujierior  or  lake 
Huron  as  copper.     The  most  prrimLsin^  vein  1  have  seen  on  either  lake  was  that  at  The  Entervriss 
Black  bay.  already  alluded  to  as  the  one  in  which  Prof.  Chapman  found  the  Hrst  gold.  {"'"*  *^  **^** 
lliis  was  afterwards  called  the   Enteqirisc  mine,  and  work  was  commenced  upon  it  '**" 
■Hortly  before  I  resigned  my  jMisition  as  mining    iiisfM't  tor.       From  Mr.    Blue's 
descriptive  catalogue  of  the  mineral  exhi)»it  of  the  province  at  Cincinnati.  pa«:e  29, 
^  •<«  that  a  shaft  has  been  sunk  t<>  a  depth  of  ever  200  feet,  and  some  2*  0  tons  of 
^tsken  out,  but  that  :t  did  n<.>t  pay  <in  acc<^)unt  of  the  ore  havii  g  to  ])e  sent  to 
ovaniea  to  be  smelted,  and  that  in  consequence  i»per:itions  suspei  ded  about  twelve 
yean  ago.     Two  mines  on  ^.Jartlen  river,  near  Sault  Ste.  Mario,  have  been  worked 
^vid  on  for  several  years,  and  one  of  them,  the  Victoria,  has  prtnluced  some  good  ^    . 
I^Jwia,  but  with  what  results  I  cannot  siiy.     I  have  set-n   lead  (»re  at   the  river  miue>-. 
Temagami,  also  on  tlie  route  between  lake  Temaj^mi  and  the  main  Montreal  river, 
^  at  various  other  places   in    the   province,  but   nr>where  in  such  quantity   as  in  the  Tema- 
voold  lead  me  to  believe  that  the  veins  could  be  worked  otherwise  than  at  a  loss,  inunirci^on. 
ersD  under  more  favorable  circumstances  as  to  position,  unless  the  galena  was  very 
neh  in  silver. 


The  Smith  &  Lacej  mtoa  miae  is  situated  in  the  township  of  L 
borough,  county  of  Froatenac,  a  few  miles  from  the  village  of  Sydenhan 
zone  of  enonnons  mica  and  pyroxene  crystals  Fans  in  a  north-weetert; 
it  A  lAcaj  south -easterly  direction  through  the  property,  and  in  this  zone  there  an 
phosphate  masses  and  c&Icspar  in  places.  There  are  no  signs  of  vein  ' 
nor  can  it  be  noticed  that  the  crystallisation  is  oonlined  within  the  boam 
of  a  certain  bed  in  the  formation.  It  seems  rather,  as  ii 
mica-bearing  rocks  in  this  district,  that  in 
certain  places  and  along  certain  lines  a  larger 
development  of  the  component  parts  of  the 
rocks  has  taken  place.  The  same  minernls  are 
visible  elsewhere  in  the  formation,  constituting 
the  rock  composition,  bnt  much  smaller  in  size. 
A  shaft  has  been  sunk  on  the  mica  deposit 
which  20  feet  below  the  surface  has  been  opened 
out  to  a  large  chamber,  130  feet  deep  by  150 
feet  long,  and  about  15  feet  wide;  this  distance 
across  the  formation  may  be  said  to  represent       '"'     -       '    *"'  > 

the  width  of  the  zone  of  largest  sized  crystals. 

24.)     The  mic&  crystals  are  in  places  six  feet  Ion) 

^'hI^^^kIm    largest   being   seven    feet    square.     They    are    foi 

most  part  more  or  lees  twists,  and  there  is  an  enoi 

waste  in   manufacture,  but  owing  to  the  great  qui 

of  the    crystals  the  production  is  large,  and  con 

increased  to  almost  any  extent.     The  mica  is  da 

nd^s/Kt^^  Pyr-^me.    amber  colored,    but  does   well   for  stoves   and   al 

cTiiaau   with   pyroxtnt   Other  purposes  for  which    mica  is  used   in   whi 

white  color  is   not   essential.      Fig.    25   represent 

section  exposed  at  the  north-west  end  of  the  excavation.     The  mica  cr] 

are  at  all  angles,  but  seem  as   a    rule  to  be  more  often  inclined   tc 

vertical  than  to  the  horizontal. 

The  Perth  mica  mine  is  located  on  lots  15,  16  and  17  in  the  9th 
cession  of  North  Burgess.  It  occurs  in  a  green  steatitic  rock  which,  fort 
M  50  yards  in  width,  is  mica-carrying.  The  total  width  of  the  band  is  1 
200  yards,  occurring  between  a  quartzose  gneiss  on  the  south  and  a  U 
gneiss  on  the  north  side,  the  dip  being  to  the  south. 
On  this  mica-carrying  portion  a  number  of  pits  have 
been  sunk  for  200  yards  along  the  formation,  from 
which  more  or  less  mica  has  been  taken  from  time  to  : 
time.  As  a  rule  the  mica-bearing  parts  keep  an  eiist  and  | 
west  course — in  places  as  a  species  of  veins — which  seem  ! 
to  be  generally  parallel.  The  work  at  present  carried  on 
is  in  a  shaft  or  deep  excavation,  which  opens  out  below  ' 
in  each  direction  to  dimensions  of  60  feet  in  length  to  12' 
or  15  feet  in  width.  The  depth  of  the  lowest  working  is 
about  80  feet.    (Fig.  26.)  The  mica  is  disseminated  in  minute  oryatsls  thi 


J,  PlunphaU  Ond  pifTOI- 


tiie  green  steatitic  lock,  and  here  and  there  it  occnrs  in  bunches  of  crystals, 

•ome  of  which  are  twisted  and  others  regular,  varying  in  all  sizes  and 

at  all  angl^  but  chiefly  with  cleavage  planes  more  or  less  perpendicular. 

One  exposed  crystal  was  two  feet  long  by  one  foot  broad,  and  another  one 

foot  by  one  foot  four  inches.     It  is  a  soda  mica  and  of  a  good  clear  color, 

with  slightly  yellowish  tint,  and  tough  enough  for  all  practical  purposes. 

A  mica  property  has  been  discovered  on  lot  29,  12th  concession  of  Hunger- 
ford,  county  of  Hastings.      The  formation  strikes  north-east  and  south-west,  Hungrerford 

.        deposit. 

and  dips  to  the  south  nearly  perpendicular.  A  strong  band  of  highly  mica- 
ceoos  rock  strikes  throu'gh  the  district,  on  which  five  openings  have  been  made 
in  this  property  at  places  where  the  mica  crystals  have  been  developed  most 
strongly.  Where  opened  it  appears  that  quartz  and  felspar  crystals  are 
developed  with  the  mica,  and  also  crystals  of  tourmaline.  Black  specks  occur 
in  places  in  this  mica,  and  are  supposed  to  be  due  to  the  presence  of  very 
imoll  tourmaline  crystals ;  but  these  specks  occur  only  on  some  layers  in  the 
crystals.  The  mica  is  associated  with  masses  of  quartz  and  felspar,  and  some- 
times in  massive  accumulations  almost  vein-like  in  their  closely  aggregated 
asBOciation.    The  quality  is  good  where  not  spotted. 

D.  E,  K.  Stewart — Two  years  aco  I  purchased  a  mica  mine  on  lot  29  in  the 
12th  concession  of  Elungerford,  and  have  been  doing  some  development  work  upon  A  rein  in 
it  since.  There  are  five  pits  upon  it,  varying  in  depth  from  10  to  18  feet.  All  the  Hungerford. 
pits  show  cubes  of  fine  white  mica,  some  of  them  cutting  as  large  as  6  by  8  inches, 
an  i  it  is  pronounced  to  be  equal  to  any  that  has  been  offered  on  the  market.  I 
think  the  vein  is  about  12  to  14  feet  wide.  The  mica  occurs  in  quartz  and  fel- 
spar, the  country  rock  being  granite.  A  great  deal  of  the  mica  is  free  from 
Aaws,  and  improves  noticeably  at  a  little  depth  from  the  surface.  I^  is  about  17 
miles  from ,  Madoc.     I  have  not  yet  worked  the  mine  as  a  commercial  enterprise. 

Jonathan  P.  Lacey — I  am   of  the  firm  of  Isaiah  Smith  &  Co.,  of  Sydenham, 
miners  and  dealers  in  mica,  phosphate,  etc.    We  own  and  work  a  mica  mine  on  the  Discovery  of  the 
west  half  of  lot  11  in  the  7th  concession  of  Lougborough.      It  was  discovered  by  Loughborough 
phosphate  prospectors  eight  years  ago,  and  a  small  opening  was  made  on  it  in  the  ^  "^' 
hope  of  its  leading  to  a  phosphate  deposit.     We  began  mining  for  phosphate  in 
thu  district  seven  years  ago,  but  during  the  past  four  years  our  attention  has  been 
given  al'uost  wholly  to  mica  mining.    Our  first  work  was  done  on  the  mine  in  1884, 
when  we  began  to  put  down  a  shaft.     The  vein  is  well  defined  within  walls  of 
pyroxene  rock,  and  varies  in  width  from  ten  to  twenty  feet.    Its  strike  is  north-east 
»nd  south-west,  and  is  nearly  perpendicular.     The  crystals  lie  very  irregularly,  Occurrenc*  of 
from  horizontal  to  vertical,  and  the  vein  is  free  from  rock  matter  to  a  depth  of  a  **»«  ^^• 
littudred  feet.     We  have  now  reached  a  depth  of  130  feet,  at  which  point  consider- 
able quantities   of  phosphate  and  small  portions  of  mica   rock,    fiuor  spar  and 
crystalline  limestone  occur  with  it.      The  crystals  vary  in  size  from  a  foot  to  six 
feet,  and  some  have  been  found  weighing  over  ten  tons.     We  have  stoped  out 
•long  the  vein  a  distence  of  about  130  feet,  from  a  depth  of  20  feet  in  the  shaft  to  Workings  of  ihv 
its  bottom.     The  mine  is  well  timbered  throughout,  and  stuUed  or  roofed  at  ^'^^  ^' 
iiitervals  of  twenty  feet,  to  prevent  rock  matter  falling  upon  the  miners.     Twelve 
men  are  employed  at  the  mine,  but  no  machinery  is  used  excepting  a  horse-power 
hoist.    The  average  rate  of  wages  is  a  dollar  per  day  and  board  the  year  round,  Workers  and 
*nd  we  work  without  interruption  summer  and  winter.     At  the  finishinflr  works  we  ^^s^' 
employ  eight  men,  at  $1. 25  per  day  without  board.    The  mica  is  cut  into  various  sizes 
Mid  shapes  for  stoves  and  other  purposes,  and  we  find  a  market  for  it  in  Canada,  Markets, 
the  United  States.  England,  Friince  and  Germany.     It  is  of  a  rich  clear  amber  color, 
wd  the  cleavage  is  perfect.      Very  rich  shows  of  phosphate  occur  in  the  mine,  and  Pi»o«P^t«' 
this  year  we  will  take  out  about  one  hundred  tons.     We  are  now  opening  a  white 
nuca  property  in  the  northern  part  of  the  county  of  Addington,  on  a  vein  which  Jorthern^Ad-'* 
promises  to  give  excellent  results.    In  the  same  locality  we  have  discovered  a  vein  dington. 
^  quartz  30  feet  wide,  bearing  free  gold,  but  no  development  work  has  been  done 
upon  it 
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Joseph  Bawden — There  is  fine  mica  in  the  south-east  part  of  Miller.  It  is 
owned  by  some  parties  in  Ottawa,  and  is  on  the  property  of  a  man  oailed  Landry. 
There  is  mica  also  on  the  Bedford  iron  company's  property. 

George  McMartln — I  was  sent  to  open  a  mica  mine  in  the  township  of  Miller. 
It  is  muscovite  of  very  good  quality,  and  the  crystals  are  very  large.     The  vein  is 
in  grey  granite,  and  the  vein  matter  is  quartz  and  felspar.     The  mica  is  as  fine  as 
that  of  Villoneuve.     The  mica  is  figured  near  the  surface,  looking  as  if  trees  had 
been  painted  on  it  with  the  leaves  all  gone.     In  S'»me  places  it  is  free  from  the 
figuring  and  the  mica  is  beautiful.     At  Sydenham  there  is  amber  mica,  and  there 
is  another  deposit  of  mica  on  the  other  side  of  the  Rideau,  in  Crosby.  I  think.     It 
is  the  same  quality  as  that  of  the  Burgess  mine,  but  not  as  large  a  body.     The 
Bui^ess  deposit  is  on  lots  15,  16  and  17  in  the  9th  of   North  Burgess.     The  mica 
occurs  generally  in  pyroxene  and  soapstone.  and  is  cased  in  granite.    At  the  Burgess 
mine  the  mica-bearing  part  in  50  yards  wide,  and  the  length  aV>out  600  feet.     In 
one  or  two  places  some  ochre  occurs,  and  the  mica  is  near  the  ochre.     Taken  as  a 
whole  it  is  very  clear  for  that  quality  of  mica.    In  the  main  lead  it  runs  every  way. 
I  think  it  is  a  main  vein  with  faults  in  it,  and  that  bunches  of  mica  occur  all 
through  it.     I  do  not  think  it  is  a  continuous  vein  by  any  means.     The  demand 
for  mica  has  been  very  good  for  the  last  few  years.     Of  courae  we  cannot  compete 
with  the  Villeneuve  for  quality,  but  our  price  is  lower  and  we  can  sell  any  quantity 
at  a  lower  price.     We  reckon  on  getting  200  lb.  of  good  marketable  mica  to  the 
ton,  MS  it  comes  out  of  the  ground.    That  costs  about  $100  a  ton  in  the  rough,  and 
about  ^100  a  ton  to  cutf  it  afterwards.     The  selling  price  is  from  40  cents  to  $5.75 
per  pound,  according  to  size.     We  cut  nothing  less  than  2  by  3  inches.      The 
principal  demand  is  for  5  by  7  inches,  which  sells  for  S5.75  a  pound.     The  market 
for  mica  is  in  Canada  and  the  United  States.     It  is  used  for  stoves  and  for  electric 
motors.     In  a  pound  of  mica  4  by  6  inche^^  there  are  120  sheets,  which  retad  at 
ten  cents  each.     I  do  not  think   the  black  is  as  good  as  the  white  mica  for  lubri- 
cating purposes.     The  best  for  that  purpose  is  the  white  soda  mica,  such  as  that  of 
the  Burgess  mine.     As  a  general  thing  where  we  find  dark  mica  and  pyroxene  in 
this  district  we  find  phosphate  near  by,  with  granite  generally  as  the  casing.     Some- 
times we  find  diorite,  but  not  very  often. 

W,  A.  AUnn^l  have  developed  two  mica  properties,  one  in  the  township  of 
Villeneuve  in  Quebec,  and  one  on  lots  16  and  17  in  the  9th  of  North  Burgess,  in  the 
county  Lanark.  The  crystals  are  irregular  through  the  vein  ;  some  of  them 
stand  on  edge,  and  others  at  different  angles.  The  vein  matter  in  the  Perth 
district  is  a  grey  pyroxene,  and  there  is  a  great  deal  of  the  rock  commonly  called 
soapstone,  but  which  really  is  not  soapstone.  The  largest  crystals  taken  out  would 
be  about  15  by  20  inches  ;  they  cut  into  plates  of  about  10  by  1*2  inches. 
They  are  very  regular  and  not  at  all  twisted  out  of  shape.  The  mica  is  not  as 
good  as  what  is  got  out  oi  the  Villeneuve,  but  there  is  a  larger  marketable  quan- 
tity of  it.  The  market  is  limited.  The  price  for  mica  1^  by  4  inches  is  15  cents  a 
pound  ;  6  by  6  is  worth  $6  a  pound.  There  is  no  difficulty  in  selling  the  large 
sizes  in  New  York  city.  The  market  for  mica  is  in  the  States  and  here  ;  there  is 
no  market  for  it  in  Europe  that  I  kuow  of.  I  sent  some  to  Hamburg  and  London, 
and  it  was  returned  in  both  cases  ;  they  wanted  to  know  what  its  uses  were. 
In  Germany  they  use  a  very  little  of  it  for  toys.  It  is  admitted  free  into  the  States. 
I  have  seen  two  or  three  deposits  in  Ontario,  but  the  quality  was  not  very  good  ;  it 
was  not  clear.  There  is  very  little  white  mica  in  Canada.  In  Villeneuve  the  mica 
occurs  in  a  mountain  of  quartz  and  felspar,  very  irregularly  ;  there  is  considerable 
tourmaline  through  it.  The  largest  crystal  found  there,  was,  I  think  24  inches 
square,  but  that  is  very  rare.  If  the  mica  would  average  3  by  5  inches  it  would 
be  doing  very  well,  and  that  would  be  worth  34.76  a  pouttd.  The  Burgess  mine 
was  worked  before  it  came  into  my  possession  some  four  years  ago.  I  have  sunk 
a  shaft  about  60  or  70  feet,  and  the  whole  floor  is  a  mass  of  crystals.  That  shaft  is 
10  feet  by  12  ;  there  are  three  veins  coming  into  it,  and  I  think  they  will  all  join 
together  lower  down.  The  crystals  vary  very  much  in  size,  some  being  as  much 
as  two  feet  in  length,  some  are  much  less.  They  are  very  irregular  in  shape,  being 
sometimes  triangular,  sometimes  hexagonal,  and  sometimes  partly  round.  They 
range  from  an  inch  in  diameter  to  18  inches.  Sometimes  we  get  a  large  crystal  20 
inches  across  the  face,  and  a  fracture  may  spoil  it.  We  find  no  difficulty  in  getting 
all  the  skilled  men  we  require  as  mica  cutters.  There  is  no  trouble,  as  we  cut  by 
blocks  of  different  size.  I  am  working  the  mine  with  five  or  six  men  ;  all  the  mica 
is  cut  for  stoves.     I  had  20  tons  ground  and  sold  it  in  Montreal,  where  it  was  used 


in  the  mmnnfactore  of  labricaton.  It  is  very  good  for  that  purpose.  It  was  only 
the  refuse  Ihat  was  ground  ;  I  sold  it  for  $45  a  ton.  The  Cyclone  company  ground 
it  for  $20  a  ton  for  the  first  lot,  and  $40  a  ton  for  the  second  ;  they  only  did  it 
&irly  welL 

S.  V.  Wright — ^There  is  good  mica  on  the  Petewawa  river.     Specimens  were 
brought  in  by  an  Indian,  but  I  cannot  say  where  they  came  from.     The  Indian  said  ^^^«  °^c*  on 
he  could  get  it  of  almost  any  size.     The  piece  I  paw  was  about  three  or  four  inches,  '^•^^^^^  ^^^' 
and  I  think  it  appeared  as  if  broken  off.     It  was  very  transparent,  and  perfectly 
white  like  a  piece  of  glass.     I  think  it  came  from  about  forty  miles  up  the  river. 
I  found  some  very  heavy  micaceous  iron  that  one  can  rub  to  pieces  like  dust ;  it  is  MicaceouB  iron. 
Tery  heavy,  and  is  on  the  Ontario  side  on  a  small  lake  near  lake  Tema^mi. 

NATURAL   GAS. 

The  enormous  and  apparently  permanent  yield  of  natural  gas  in  the 
United  States  to  the  south  of  Ontario  makes  the  subject  of  natural  gas  well  Fwundatiererai 
worthy  of  consideration  from  an  economic  point  of  view.  This  is  the  case  Ontario. 
especially  as  a  large  flow  of  gas  has  recently  been  struck  at  Kingsville,  in 
Bbsbx  county,  besides  discoveries  at  Courtright  on  the  St.  Clair  river, 
at  Collingwood  on  the  Georgian  bay,  and  at  Port  Colborne  on  lake 
Erie. 

In  the  report  of  Joseph  D.  Weeks,  in  the  volume  of  Mineral  Resources  of 
the  United  States  for  1887,  it  is  stated  that  while  natural  aras  has  been  found  it«  occurrence  in 

'  ^  Pennsylvmnuu 

from  the  Drift  to  Potsdam  sandstone  it  has  been  chiefly  in  the  Trenton  lime- 
stones of  Ohio  and  the  palseozoic  strata  of  the  upper  Ccal  Measures  of  Penn- 
sylvania that  the  great  deposits  have  been  struck.     The  highest  stratum  in 
which  any  considerable  quantity  has  been  found  in  Pennsylvania  is  the  Home- 
irood  sandstone,  the  highest  of  the  three  recognised  members  of  the  Potts ville 
Conglomerate,  the  lowest  being  the  Kane  sand  in  Elk  county.     Mr.  Weeks 
estimates  that  the  amount  of  coal  displaced  in  Pennsylvania  in   1887  was 
9,867,000  tons,  valued  at  $15,835,500.     The  total  thickness  of  the  strata  ^^^  producing 
which  have  produced  gas  in  difierent  parts  of  Albany  and  Greene  counties  in  ■!^  *°  ^'*^ 
the  state  of  New  York  is  computed  by  Mr.  Ashbumer  to  be  at  least  12,000 
ieet,  extending  from  the  Catskill  white  sandstone  to  the  Trenton  limestone. 

In  Ohio  and  Indiana,  according  to  Prof.  Orton,   the  only  im{>ortant 
Source  of  gas  is  the  Trenton  limestone.     Unlike  the  Pennsylvania  fields,  he  i^  occurrence  in 

,  y  1         Ohio  and 

•mySy  these  western  rivals  are  not  confined  to  anticlinals  or  arches,  but  .stretch  Indiana. 

Oat  like  coal  fields.     The  Trenton  limestone  in  those  states,  however,  is  largely 

productive  only  when  its  upper  portions  have  been  replaced  by  dolomite  or 

cuagnesian  limestone,  and  it  is  only  in  the  fortunate  exceptions  that  porosity 

mad  stroctare  combine  to  make  it  a  source  of  gas  or  oil.     In  Indiana  Dr. 

I^hinney  has  shown  that  gas  has  been  found  in  commercial  quantities  chiefly  ^^l9,J!^"f\* 

in  the  Cincinnati  arch  or  anticlinal,  which  extends  from  the  south  line  of  Ten-  ^"tario. 

Xiessee  through  Nashville  and  Cincinnati  to  lake  Erie,   between  Toledo  and 

Sandasky.     This  arch,  as  pointed  out  on  page  42,  extends  under  the  lake  and 

crosses  Ontario  in  the  counties  of  Essex,  Kent  and  Lambton.     "  That  the  gas 

IB  found  in  this  arch,"  Dr.  Phinney  observes,  "  is  no  accident,  but  the  result 

<if  well  defined  and  fixed  laws,  that  govern  not  only  the  distribution  of  gas, 

hut  oil  and  salt  water  as  well.''     Gas  and  oil  will,  no  doubt,  be  found  in  many 

places  outside  of  the  productive  area  proper,  but  the  flow  will  be  small.     This 

appears  to  be  true  in  Ontario  as  well  as  in  Ohio,  for  although  small  shows  of 
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gas  have  been  struck  in  various  localities  in  the  province,  it  does  not  appear 
to  exist  in  abundance  anywhere  excepting  possibly  in  the  county  ot  Essex. 

Archibald  W,  IHiigman — 1  live  in  Toronto,  and  am  a  soap  manufacturer.  I  have 
been  engaged  in  oil  and  gas  operations  in  Pennsylvania,  my  experience  running  over 
a  period  of  about  three  years — from  1879  to  1883.  I  have  explored  both  for  oil  and 
ga  in  McKean  county,  Pennsylvania,  and  in  the  Kane  district  in  that  state,  near 
some  of  the  tributaries  of  the  Ohio.  The  wells  or  *' gushers"  of  that  region  are 
counted  among  the  best.  We  were  boring  for  oil  when  we  first  struck  gas.  The 
gas  was  found  at  2,250  feet,  in  the  same  sand  rock  as  that  in  which  we  expected  to 
find  oil.  My  observation  would  not  lead  me  to  believe  that  a  similar  formation, 
exists  in  Ontario.  I  have  examined  the  oil  regions  in  the  counties  of  Lambton  and 
E-'sex  in  this  province,  and  so  far  as  the  Petrolia  oil  region  is  concerned  I  would 
not  expect  gas  to  be  found  until  they  strike  the  Trenton  formation  ;  they  are  now 
in  the  Corniferous.  This  is  borne  out  by  the  fact  that  gas  has  been  found  in 
Indiana  and  Ohio  in  the  Trenton  formation.  The  wells  at  Kokoma  and  Terre 
Haute,  Ind.,  and  at  Findlay,  Ohio,  are  from  870  to  912  feet  in  depth.  A  log  of  a 
gas  well  at  Kokoma  shows :  Drift,  5  feet ;  Niagara  limestone,  400  feet  ;  Hudson 
River  and  Utica  shale,  498  feet ;  then  four  feet  of  an  interval  to  Trenton  limestone, 
and  five  feet  into  the  limestone.  I  have  not  visited  the  gas  wells  in  the  county  of 
Essex.  I  know  that  there  was  a  well  drilled  some  1,200  feet  at  Comber  in  that 
county,  but  1  am  unable  to  say  to  what  depth  the  well  at  Kingsville  was  bored.  It 
was  reported  that  gas  was  got  at  Collingwood,  but  in  what  quantity  I  am  not  aware. 
I  have  a  record  of  a  well  put  down  at  Whitby  a  short  time  ago  for  gas.  The  total 
depth  of  the  well  is  728  feet,  of  which  70  feet  is  through  shale  and  600  feet  through 
Trenton  limestone.  Two  shows  of  gas  were  found,  one  at  450  and  the  other  at  710 
feet  but  they  were  soon  exhausted.  A  well  was  put  down  in  Toronto  about  ten  or 
twelve  years  ago  at  the  Copeland  brewery.  They  were  boring  for  water  and  went 
down  l,2i'0  feet.  The  log  shows  40  feet  surface,  550  feet  shale,  10  feet  of  an 
interval,  600  feet  limestone,  and  then  the  granite.  Some  salt  water  and  some  gas 
were  struck.  1  have  also  a  record  of  a  well  at  the  asylum  in  London,  put  down  by 
the  Government.  It  was  drilled  to  a  depth  of  2,255  feet.  The  log  runs  :  1*20  feet 
of  gravel  and  clay,  300  feet  of  shale,  1,000  feet  of  limestone  rock,  160  feet  of  grey 
shale  and  salt,  and  the  remainder  red  shale.  They  got  water  at  140  feet  from  the 
top,  and  25  or  30  feet  of  good  salt  at  a  depth  of  about  1,600  feet,  but  there  is  no 
record  of  gas.  At  Dundas  a  boring  was  made  for  1,600  feet  without  striking  the 
Trenton  limestone.  There  was  red  shale,  as  at  London,  but  no  lime  rock.  A  well 
was  also  drilled  at  Port  Colborne,  but  I  cannot  give  its  depth.  About  twelve  years 
ago  a  well  was  drilled  in  the  township  of  Hillier,  in  the  county  of  Prince  Edward. 
The  depth  was  760  feet  to  the  granite,  and  then  25  feet  into  the  granite.  An 
abundance  of  water  was  found,  but  the  driller  does  not  recollect  whether  any  gaa 
was  struck.  The  granite  comes  up  within  ten  miles  of  that  place.  1  do  not  know 
of  any  district  outside  of  Essex  where  gas  has  been  found  in  the  Trenton  limestone 
in  paying  quantities.  Between  Ontario  and  Quebec  the  formation  of  the  limestone 
is  so  similar  to  that  of  Indiana  and  Ohio  that  there  is  a  etrong  probability  of  sas  and 
oil  existing  there.  Many  anticlinal  ridges  are  observed  in  that  section,  and  where 
these  are  found  under  like  circumstances  there  is  almost  sure  to  be  oil  or  gas. 
However,  I  have  no  knowledge  of  either  of  these  being  struck  up  to  the  present 
time.  I  am  at  present  engaged  in  organising  a  company  to  make  a  series  of  testa 
for  oil  and  gas  at  certain  points  east  of  Toronto.  With  regard  to  the  origin  of 
natural  gas  I  may  say  that  there  are  two  opinions  held — one  that  it  is  a  chemical 
formation  in  a  geological  sense,  and  the  other  that  it  is  the  result  of  decaying  animal 
matter  in  the  rock .  Of  course  there  is  a  chemical  action  in  the  latter  case  too,  but 
not  from  original  elements.  Natural  gas  is  a  product  of  petroleum,  but  we  often 
get  it  without  finding  the  petroleum.  It  is  in  the  petroleum  just  as  we  may  find 
benzine,  tar,  parafiine,  etc.  It  may  be  that  we  get  gas  from  the  original  crude, 
but  that  would  be  hard  to  prove.  Geologists  find  that  the  best  results  are  given 
when  the  Trenton  limestone  is  not  more  than  200  feet  below  the  tide  level.  Below 
that  there  are  no  anticlinal  arches.  The  theory  is  that  the  salt  water  drives  the  gas 
up  by  pressure.  Where  the  rock  extends  over  200  feet  below  tide  water  there  is 
very  little  possibility  of  getting  gas  of  commercial  value.  That  is  a  theory  which 
has  been  demonstrated  to  be  a  fact  as  far  as  the  Indiana  and  Ohio  regions  have 
been  explored,  as  the  actual  records  of  the  drill  prove  it.  There  are  always  better 
results  above  sea  level  than  below,  but  the  best  point  is  where  the  pressure  ia 
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eqoalked.     The  rise  or  fall  of  the  tide,  however,  does  not  seem  to  affect  the  flow, 
which  is  usually  steady. 

James  Carter— We  put  down  eight  wells  for  natural  gas  at  Courtright,  but  only 
got  gas  to  any  extent  in  three  of  them.     We  found  it  in  a  ridge  or  vein  of  sand,  but  Natwmi  mm  at 
tHe  width  of  it  I  do  not  know.    The  vein  is  supposed  to  run  north-east  and  south-  {^SJjJ^f^^  **"* 
west.     The  average  (lepth  of  the  wells  is  about  105  feet.     With  the  exception  of  quanttties. 
the  ve(<etable  soil  it  is  olue  clay  all  the  way  down.      1  do  not  know  that  it  has  ever 
been  tried  for  manufacturing  purposes.     One  of  our  wells  continued  to  blow  for  two 
days  and  nights,   and  several  carloads  of  fine  sand  mixed  with  water  were  thrown 
out.     The  sand  is  dark  grey  in  color.     After  it  settled  down  the  gas  continued  to 
flow  till  it  got  choked  up.     We  cased  it  down  about  110  feet  to  the  sand,  but  could 
not  keep  it  open.     I  cannot  really  say  whether  the  gas  gave  out  or  whether  the  pipe 
fl(ot  choked  up.     No  wells  have  been  put  down  successfully  in  this  sand  formation. 
The  existence  of  gas  has  been  known  nere  for  twenty-five  or  thirty  years,  but  it  has 
never  been  used  to  any  extent.     About  a  quarter  of  a  mile  from  one  of  our  wells  it 
has  been  used  for  about  a  year  in  a  private  house  for  fuel.     It  bums  with  a  yellow 
flame,  but  by  adding  air  to  it  in  the  pipe  it  becomes  white. 

Wm,  Mxi/rdoch — We  have  natural  gas  in  the  Port  Arthur  district.     No  borings  Found  in  silver 
have  been  made,  but  it  comes  up  in  different  places.     On  Silver  islet  the  gas  was  Uletmine. 
met  with  when  they  were  between  600  and  700  feet  down  in  the  mine. 

PETROLEUM. 

There  are  two  areas  in  the  county  of  Lamb  ton  which  yield  petroleum  in 
paying  quantities,  one  at  Petrolia  and  the  other  at  Oil  Springs.  Taking  the  Two  petroleum 
corporation  of  the  town  of  Petrolia  as  a  centre,  or,  more  exactly,  the  Imperial 
refinery,  the  upper  field  extends  to  the  north-west  by  west  for  nine  miles,  and 
to  the  south-east  by  east  for  four  miles,  with  an  average  width  of  two  and 
one-half  miles.  The  Oil  Springs  field  is  six  or  seven  miles  to  the  south  of 
Petrolia,  and  runs  in  the  same  direction  as  the  Petrolia  field  for  a  length  of 
two  and  one-half  miles  and  a  width  of  one  mile,  the  southern  boundary  of 
Oil  Springs  being  about  the  centre  of  the  territory. 

THE    FKTROLIA     DIBTBIOT. 

The  oil  is  struck  at  Petrolia  at  from  465  to  473  feet  in  depth,  and  is  p^^^n^^  fl^id 
stated  to  exist  in  a  porous  dolomitic  limestone  from  one  or  two  to  five  or  six 
feet  thick,  brown  in  color  (probably  from  the  petroleum),  and  very  soft.     A 
log  given  by  an  experienced  driller  shows  : 

Alluvial  matter 100  feet. 

Limestone  rock 35to40  feet. 

Soap  rock  and  blue  clay  below 130  feet. 

Middle  limestone 16  to  18  feet. 

Lower  soap  rock,  shale 40  feet. 

Hard  limestone  rock 90  feet. 

Limy  freestone 55  feet. 

Total  to  oU  rock 465  to  473  feet. 

The  well  bored  on  lot  12,  concession  11  of  Enniskillen,  gave  : 

Surface  clay 104  feet. 

Limestone 40  feet. 

Shale 130  feet. 

Middle  lime 15  feet. 

Lower  shale 43  feet. 

Hard  white  limestone 68  feet. 

Soft  white  limestone 40  feet. 

Big  lime  or  oil-bearing  rock 25  feet. 

Total  to  oil  rock 465  feet. 

There  are  about  2,500  wells  in  this  field,  according  to  the  evidence. 
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'Working  the 
pumps. 


FRODUOINO  AND  BTOBINO  PETROLEUM. 

The  wells  are  drilled  4f  inches  in  diameter,  and  where  casing  is  put  down  it 
i>rimng  the  ou  is  rimmed  out  three-quarters  or  one-half  of  an  inch,  the  casing  being  4f  inside 
and  5^  inches  outside  diameter.  The  hole  is  put  down  in  about  five  or  six 
days,  and  costs  from  $1 50  to  $1 60.  In  the  early  days  the  cost  ranged  from  $1  to 
$3  per  foot,  and  the  time  occupied  from  two  to  six  months.  Wooden  rods  are 
now  used  altogether  instead  of  cables,  a  steel  drill  3^  inches  in  diameter 
and  25  to  30  feet  long  being  attached  to  the  lowest  section.  Two  shifts  of 
three  men  each  form  a  drilling  gang.  These  Petrolia  drillers  are  very  expert, 
and  are  called  for  all  over  the  world,  much  work  being  done  by  them  in 
Europe,  Asia  and  Australia. 

When  the  drilling  is  completed  a  pump  of  1^  to  1^  inch  tubing  is  put 
down,  and  the  well  is  ready  for  operation.  By  a  combination  of  pump  rods 
working  from  a  horizontal  wheel,  and  so  arranged  that  their  weights  about 
balance  one  another,  one  engine  can  pump  a  large  number  of  wells — as  many 
as  90  in  some  cases.  These  driving  rods  are  known  as  *' jerkers,''  and  are 
driven  by  an  engine  of  about  1 2-horse-po wer.  The  wells  yield  at  the  present 
time  about  half  a  barrel  of  oil  on  the  average  per  diem,  and  all  have  to  be 
pumped.  In  the  old  days  some  fiowing  wells  were  struck,  and  as  in  some 
cases  the  tools  used  in  drilling  these  wells  suddenly  dropped  where  oil  was 
struck,  it  was  inferred  that  large  crevices  existed  which  held  accumulations 
of  gas  and  oil.  Old  wells  are  being  constantly  abandoned  and  new  ones 
drilled. 

The  petroleum  after  being  pumped  into  the  wells  is  run  into  large  under- 
ground tanks,  which  are  built  by  boarding  up  an  excavation  and  covering  it 
over.  The  soil  about  Petrolia  is  an  impervious  clay,  and  these  underground 
tanks  hold  the  oil  perfectly.  They  are  always  kept  filled  with  either  oil  or 
water,  as  otherwise  they  would  cave  in.  An  ordinary  sized  tank  is  60  feet 
deep  by  30  feet  diameter,  holding  8,000  barrels.  From  these  tanks  the  oil  is 
pumped  to  the  refineries. 

The  Petrolia  oil  is  an  impure  variety  of  petroleum,  much  tainted  with 
the  petroleum,  gujphur.  The  odor  of  sulphuretted  hydrogen  is  very  strong  all  about  the 
neighborhood.  In  the  evidence  the  oil  is  alluded  to  as  consisting  largely  of 
an  abnormal  series  of  hydrocarbons.  The  crude  contains  less  of  the  illumin- 
ating oils  than  the  Pennsylvania  crude,  and  more  of  the  heavy  lubricating  oils 
and  paraffine.  Much  ingenuity  has  been  resorted  to  in  order  to  remove  the 
sulphur  and  the  free  carbon  of  the  broken  molecules  of  hydrocarbons, 
which  together  have  the  effect  of  causing  a  bad  smell,  encrusting  the  wick  and 
smoking  the  chimney  when  burning. 

« 

DISTILLING     AND     REFINING     THE    PETROLEUM. 

The  crude  oil  is  distilled  in  large  sheet-iron  retorts.  The  heat  is  fur- 
nished by  a  spray  of  mixed  petroleum  and  steam,  injected  into  the  fire  cham- 
ber below  the  retort,  which  is  lined  with  tire  brick.  The  distillate  is  carried 
through  tubes  immersed  in  long  vats  of  water.  As  the  different  distillates 
make  their  appearance,  at  various  stages  of  the  process,  they  are  led  into 
different  troughs  and  fiow  into  separate  tanks.  First  the  incondensable  gases, 
gasoline  and  naphtha,  come  off ;  then  the  illuminating  oil ;  following  that  the 
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intermediate  and  wool  oils,  and  lastly  the  lubricating  oils ;  while  an  inomsta- 
tion  of  carbonaceone  matter  or  coke  is  left  in  the  retort  This  coke  is  sold  in  the 
locslitj  at  $1.50  p«r  ton,  and  makes  a  good  fuel.  All  the  grades  of  the  distil- 
lation are  divided  at  will,  either  by  stopping  the  process  at  various  stages  or 
"hj  sabseqnent  redistillation  and  treatment  into  an  almost  endless  variety  of 
lighter  and  highly  combustible  intermediate  illuminating  and  lubricating  oils, 
and  also  into  such  solids  as  vaseline,  paraffine,  etc  Tars  and  asphalts  might 
he  produced  from  an  oxidised  matter  which  is  thrown  away.  The  products  of 
^▼ipoiation  may  be  roughly  divided  into  40  per  cent  illuminating  oils,  and 
the  other  60  per  cent  the  above  mentioaed  articles ;  or,  more  exactly,  burning 
•oil  38  to  39  per  cent,  gas  oil  17  per  cent,  tar  18  per  cent.,  waste  10  per 
•cent,  water  6  per  cent,  and  coke  9  per  cent  In  tho  illuminating  class  the 
specific  gravity  of  the  following  three  brands  will  serve  as  an  example  of  the 
frtdation  according  to  quality  :  Water  White  .786,  Economy  .800,  Standard 
.802.  The  fire  test  of  95P,  at  which  the  oil  ignites,  is  common  to  all  grades 
of  illuminating  oil.  Another  grade  of  brands,  with  all  higher  products  men- 
tioned  after  incondensable  gases  have  gone  off,  is  : 

lit  product 74  naphtha. 

2nd  **  62  benzine. 

3rd  "  water  white  illnminatinpr  oil 788  gr. 

4th  *'  carbon  safety  illuminating  oil 796  gr. 

5th  "  standard  illuminating  oil 802  gr. 

6th  *'  intermediate  oils  (for  gas  works) 

7fch  **  neutral  (for  wool) 850  gr. 

The  process  of  refining  the  illuminating  oil  is  to  agitate  it  with  2  per  cent.  ^^^  alining 
«f  sulphuric  acid,  (which  costs  $1.40  per  100  lb.  at  Petrolia,)  to  remove  the  proc«s«. 
free  carbon  or  tarry  materials  which  are  drawn  off  below,  then,  after  washing 
H  with  water,  caustic  soda  and  litharge  are  added.  The  litharge  (oxide  of 
lead)  combines  with  the  sulphur  and  forms  lead  sulphide.  Flowers  of 
<iilphiir  is  then  added,  which  precipitates  the  lead  and  other  impurities,  and 
the  oil  is  left  cleared,  but  enough  sulphur  generally  remains  to  be  a  source  of 
^uble. 

A  process  which  has  been  patented  is  in  use  in  several  of   the  refin- 

"^es.     It  consists  in  re-distilling  the  oil  after  the  litharge  and  caustic  soda  of  renninir. 

^ve  been  added,  and  before  the  flowers  of  sulphur  has  been  put  in.      Most 

"^  the  sulphur  is  then  left  in  the  retort  in  combination  with  the  lead.      The 

^t  of  the  process  is  then  carried  on  with  the  re-distilled  product  as  above 

'^Qacribed.     Finally,  in  all  processes,  the  product  is  bleached  in  the  light  in  an 

^'pen  vat      The  resulting  illuminating  oil  is  shipped  in  very  strong  barrels, 

'^^t  some  Water  White  is  put  up  in  square  tins. 

The  tar,  or  residue  after  the  illuminating  oils  have  come  off,  is  re-distilled, 

-i,^  »  i.  .1  1  .  Oihsr  products 

^^in  which  about  70  per  cent,  of  gas  oil  used  m  making  illuminating  gas  and  o'  petroUum. 
^  per  cent  paraffine  oil  are  obtained,  according  to  the  grade  required.  The 
P^raffine  oil  is  put  into  a  freezing  vat,  and  from  8  to  10  per  cent,  (or  one 
pound  to  the  gallon)  of  paraffine  wax  crystallises  out  from  it  This  wax  has 
^  the  oil  squeezed  out  by  pressure,  and  is  refined  by  chemicals,  one  part  of 
die  resulting  yield  being  made  into  wax  candles  and  the  other  smaller  portion 
into  a  wax  which  is  used  as  chewing  gum  and  for  various  other  purposes. 


156 


The  residue  oils,  after  the  paraffine  has  been  crystallised,  are  made  into  lubri- 
cating oils,  such  as  paraffine  oils,  cylinder,  mineral  lard,  mineral  seal, 
neutral,  black  lubricating,  axle  grease,  vaseline,  etc. 

THE    OIL    BPBINOS    DIBTBIOT. 

-^j  g  ^^  At  Oil  Springs  the  oil  is  struck  at  370  feet  deep,  or  at  about  100  feet  less 

field.  than  at  Petrolia.     From  July   Ist,  1887,  to  July  1st,  1888,  244  wells  were 

put  down  in  this  district,  and  at  the  latter  date  the  number  in  operation  was 
964.  This  field  extends  over  lots  16,  17,  18  and  19  in  the  1st  and  2nd  con* 
cessions  of  Enniskillen,  there  being  258  wells  on  the  1st  concession  and  706 
in  the  2nd. 

OOUNTT    or     EBBKX. 

Several  wells  have  been  put  down  at  Comber.     In  one  the  show  of  oil  was 
berjn  Enex.  °^  found  in  deep  sand  at  1,213  feet,  and  the  second  in  deep  sand  at  1,240  feet. 
It  pumped  100  barrels  of  oil,  and  flows  a  half  barrel  per  diem.     Niagara 
limestone  is  found  at  600  feet 

MANITOULIN     ISLAND. 

The  Commission  also  visited  some  quartzite  ridges  on  Manitoulin  island 
liUnd?""°         striking  north  80°  east  and  dipping  65°  north,  which  are  met  with  on  the  road 

from  Little  Current  to  Sheguin-       Z"?^       ^  "^ aTT^       ^ 

dah.  They  rise  through  some  bit-  ^^^^A^^A^^^^^^^^^/y^^^j^^^ 
uminous  Utica  shales,  and  at  the  ^^^yly//w**/^^^^^^^^''AA/V''A/^^^^ 
north    end    of    Pine    lake    pe-  ^     ^    o   ..      . .       .,      *  m     i  i. 

'^  Fio.  27.    Section  of  formation  at  Pine  lake. 

troleum    exudes    from     a   hole  5.  shales,   t.  Quaruiu. 

which,  it  is  said,  has  been  drilled  down  to  the  quartzite.  In  that  case  it 
was,  of  course,  useless  to  drill  any  further.  It  is  stated  that  about  a  barrel 
of  petroleum  flows  out  of  this  hole  with  water  per  diem.  The  quartzite  is 
very  white,  and  is  said  to  be  adapted  for  the  manufacture  of  fire  brick  or  glasa 
after  being  ground.     There  is  an  unlimited  quantity  of  it. 

Martin  Woodward — I  am  a  member  of  the  firm  of  M.  J.  Woodward  &  Co.  of 
Petrolia.  I  have  been  in  the  oil  business  since  1B70,  but  was  interested  in  some 
wells  before  that.  I  first  began  business  here  in  1868,  a  few  years  after  the  first 
discovery.  The  process  of  putting  down  wells  at  that  time  was  about  the  same  as 
to-day,  but  there  are  of  course  some  little  improvements  in  the  tools  and  machinery. 
Sinking  the  oU  Before  I  came  here  they  used  to  crib  down  to  the  rock  ;  that  was  mostly  done  in 
well*.  the  flats,  where  they  usually  struck  the  rock  at  40  feet.    There  were  quite  a  number 

of  these  cribbed  wells,  and  on  the  high  land  they  generally  struck  the  rock  at  96  or 
100  feet.  I  cannot  say  from  recollection  how  long  it  took  to  get  down  in  1868.  The 
tools  were  lighter  then,  and  they  drilled  in  wet  holes  ;  now  they  drill  with  heavier 
tools  and  in  dry  holes,  allowing  in  only  the  amount  of  water  they  require.  I  have 
known  them  to  take  six  months  to  get  a  hole  down.  When  1  first  came  here  the  price 
was  about  $1  a  foot  for  ordinary  rock,  the  owner  of  the  well  furnishing  the  casing. 
The  o  d  and  new  j^^^  ^j^^^  ^^^  ^  ^^  .  ^^^j^  y^^^  ^^^  usuaUy  drill  a  hole  in  about  four  or  five  days,  at  a 


proeeaees    com-  .  _ 

pared.  cost  of  about  ^160  a  well,  the  owner  furnishing  the  casing.     The  driller  puts  the 

pump  down  and  tests  it  for  a  day.  There  are  men  who  make  a  business  of  putting 
down  wells,  and  they  run  night  and  day.  A  gang  consists  of  six  men,  three  work- 
ing in  the  day  and  three  at  night.  Pole  tools  are  now  used  ;  they  consist  of  a  bit 
and  an  iron  bar  about  three  and  a  half  inches  in  diameter,  and  connected  with  the 
beam  above  by  poles.  When  water  is  struck  now  it  is  shut  o£f  with  the  casing,  which 
is  usually  at  a  depth  of  270  feet.  At  275  feet  we  get  the  middle  limestone.  After 
Casing  the  well,  putting  in  the  casing  they  drill  in  a  dry  hole,  where  they  can  strike  a  heavier  blow 
than  is  possible  if  the  well  was  filled  with  water.  They  run  with  perhaps  30  or  40 
feet  of  water,  whatever  is  required.  After  the  first  275  feet  the  casing  shuts  ofT 
the  water,  and  in  practice  tha*-.  is  all  the  casing  put  down.  The  pump  is  put  inside  the 
casing  ;  it  is  genentlly  from  1^  to  1^  inch  in  diameter,  and  is  the  ordinary  lift  pump. 
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The  average  daily  supply  from  a  well  is  from  five  to  ten  barrels  of  water  and  oil 
mixed,  but  of  oil  they  average  something  less  than  a  barrel  a  day.     I  have  known  Pumping  the 
as  many  as  ninety  wells  to  be  pumped  by  the  one  engine.     In  most  cases  they  use  ^*"** 
a  bricked-in  boiler.  The  drive  wheel  is  connected  with  a  wheel  which  has  a  pitman  on 
each  side  that  works  a  horizontal  wheel  backwards  and  forwards.    The  jerkerrods 
are  attached  on  opposite  sides  of  the  wheel  and  connect  with  the  pump  over  the 
hole.  Iron  rods  are  used  in  the  pump,  their  weight  being  sufficient  to  make  it  drop. 
As  far  as  I  know  the  jerker  was  first  used  here  ;  I  never  heard  of  it  anywhere  else 
^fore.     It  was  used  here  before  it  was  introduced  in  the  States.  I  cannot  tell  you 
the  number  of  wells  that  are  being  worked  in  this  territory,  but  I  think  there  are 
about  2,600.     The  length  of  the  territory  is  about  seven  or  eight  miles,  nearly  east  Extent  of  the  oil 
and  west.  It  extends  into  Samia  township,  and  seems  to  be  from  half  a  mile  to  two  **"'*<>'y* 
miles  wide.     The  oil  is  struck  in  a  kind  of  lime  rock  ;  sometimes  in  drilling  we  get 
a  sample  of  the  rock  ;  it  is  a  limestone  of  the  Cornif erous  formation.     At  the  Im-  ^«  oil  bearing 
perial  works  here  they  went  down  1,200  feet,  but  I  cannot  tell  you  what  rocks  were  '**"°***<*°* 
passed  thr  >ugh.  They  did  not  get  oil  at  that  depth,  but  they  struck  salt.     I  under- 
stood at  the  time  that  the  salt  was  175  feet  thick.     When  wells  are  put  down  now 
they  don't  seem  to  have  the  same  pressure  as  in  the  early  days.     Formerly  in  some 
cases  there  were  large  flows  ;  now  the  oil  hardly  flows  at  all,  and  when  new  wells 
jure  put  down  it  is  usual  to  shoot  them  with  a  charge  of  nitro-glycerine  ;  that  is  done 
for  the  purpose  of  openin«<  up"  the  rock.  The  total  output  of  the  territory,  including  2Si|£*  ^  **** 
Oil  Sp^ing^,  is  about  600,000  barrels  of  crude  yearly.     When  the  petroleum  is  ^' 

pumped  up  it  is  stored  in  underground  tanks  where  it  is  kept  till  wanted.  In  some 
periods  of  the  year  the  demand  is  greater  than  in  others  and  more  is  refined 
then  than  the  wells  produce  ;  then  the  supply  in  the  tanks  makes  up  what  is  Storage  of  crude 
required.  In  speaking  of  a  barrel  of  crude  oil  we  always  mean  35  imperial  gallons. 
There  are  three  tanking  companies  here,  but  I  cannot  tell  when  they  were  organised. 
'When  I  came  here  the  principal  refining  works  were  at  London,  and  there  are  I  believe 
two  refineries  there  still,  besides  one  at  Hamilton,  one  at  Montreal  and  one  at  Samia, 
but  the  two  last  named  are  not  working  now.  In  1870  there  were  over  forty  Refineries, 
retineries  in  the  combination,  and  they  were  mostly  at  London  and  IngersoU,  the 
majority  being  at  London.  The  business  gradually  began  to  centre  at  Petrolia  after 
the  Michigan  Central  railwax  came  here.  There  are  nine  re6neries  here  now.  I 
do  not  know  their  total  capacity,  but  I  think  that  including  the  two  refineries  at 
London  it  is  about  double  what  is  required .  When  I  came  here  first  they  treated  The  old  proeete 
the  oil  with  sulphuric  acid  and  caustic  soda*,  and  made  a  very  strong  smelling  oil.  <*'  dletlllatlon. 
The  lead  treatment  came  in  shortly  afterwards.  In  1870  we  calculated  on  about 
iK)  per  cent,  of  illuminating  oil,  but  there  was  a  lower  fire  test  then  than  now.  The 
oil  was  put  in  stills  somewhat  smaller  than  those  at  present  used,  and  after  it  had 
heen  distilled  the  illuminating  portion  was  treated  with  2  per  cent  of  sulphuric  acid. 
The  tar  was  drawn  off,  the  oil  was  washed  with  water  and  allowed  to  stand  some  time. 
It  was  then  drawn  off  and  agitated  with  a  solution  of  caustic  soda  ;  then  it  was  put  in 
the  bleacher,  exposed  to  the  sun,  and  then  barrelled.  At  that  time  a  great  deal  of 
the  tar  ran  down  the  creek  and  was  lost.  Seme  of  the  refiners  stored  it,  thinking 
it  would  become  valuable  ;  and  subsequently  a  good  many  thousand  barrels  were 
sent  to  Boston  and  New  York.  It  went  in  as  coal  tar,  and  there  was  20  per  cent, 
duty  upon  it.  There  was  then  a  duty  of  20  cents  the  wine  gallon  on  crude  oil,  and 
40  cents  the  wine  gallon  on  the  refined.  The  duty  now  is  20  per  cent,  on  the  refined 
and  the  crude  oil  is  allowed  free  into  the  United  States.  At  first  we  were  allowed  to 
manufacture  of  any  gravity,  but  some  years  ago  the  law  in  that  respect  was  changed 
and  the  gravity  clause  was  put  in  ;  that  caused  a  change  in  the  system  of  manu- 
facture. The  process  at  the  present  day  is  very  similar  to  what  it  was  formerly, 
except  that  instead  of  caustic  soda,  we  mix  in  oxide  of  lead  dissolved  with  the  acid 
and  agitate  with  that.  It  is  afterwards  treated  with  sulphur  to  remove  the  lead. 
The  lead  treatment  was  introduced  I  think  about  1870.  In  the  last  two  or  three  Thenewprocett. 
years  further  improvement  has  been  affected,  but  it  consists  principally  in 
increased  skill  in  handling  the  chemicals.  Distillers  and  treaters  understand  their 
work  better  than  formerly.  People  would  not  burn  such  oil  now  as  they  used  in 
1870.  It  had  a  very  bad  smell  then  ;  now  there  is  far  less  smoke  and  odor  than  under 
the  old  treatment.  Our  percentage  of  illuminating  oil  now  is  hardly  40  pbr  cent., 
while  under  the  old  system  it  was  60  per  cent.  Our  percentage  was  reduced  when 
the  gravity  test  was  made.  Apart  from  that  we  would  have  to  make  better  oil  now. 
There  is  a  good  deal  of  the  tar  used  for  fuel,  and  above  that  there  is  a  certain  amount 
of  waste,  coke  and  dirt.  We  get  a  good  many  by-products  from  the  tar,  paraffine  parafflne. 
wax  being  one.     But  all  the  refineries  are  not  run  the  same  way  ;  some  utilise  all 
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the  products  and  some  do  not.     Tar  has  been  used  for  fuel  the  same  as  it  is  to-da^ 
during  the  whole  of  my  time  here,  and  it  is  the  cheapest  fuel  we  have.  It  is  sprayer 
into  the  furnace  with  steam.     It  could  be  generally  used  for  fuel,  but  cannot  bea  « 
tiie  high  freight.     There  is  more  benzine  made  than  formerly,  about  7  per  cent«= 
altogether.    After  using  what  we  require  for  fuel  purposes  we  get  about  8  per  cenizz 
paraffine.     First  we  make  70  naphtha,  then  63  naphtha.     The  70  is  used  for  naphths.^ 
stoves  and  such  purposes ;  the  63  is  used  by  painters  principally.     We  manufacture 
three  grades  of  illuminating  oil — Homelight,  Economy  and  Standard.     The  fir— 
test,  which  I  think  is  higher  than  necessary,  is  about  95.     The  higher  the  teat  tlL 
less  can  be  extracted  from  the  crude.  Our  different  grades  are  of  different  gravitie^s 
Home  Light  is  .786,  Economy  .800  or  .801  and  Standard  .802  to  .803.  Our  oilia  bett^ 
in  some  qualities  than  the  American.     Our  best  is  equal  in  color,  and  has  ~ 
capillary  qualities  than  the  best  American.    It  gives  very  much  the  same  flame, 
of  the  same  color,  but  is  not  so  free  from  sulphur  compounds  as  the  best  Americai 
There  has  been  a  prejudice  against  Canadian  oil,  and  it  has  had  a  bad  name.      No^^ 
we  are  overcoming  that,  and  getting  a  better  price  than  formerly  for  our  beat ;   i^s*« 
get  from  16^  to  17 J  cents  according  to  quantity.     The  best  American  Water  WhL  r« 
is  laid  down  in  Toronto  for  22  cents,  and  the  ordinary  grade  about  20^  cents.  Th«kt 
includes  the  duty,  which  is  7 .2  cents  ;  there  is  also  a  duty  on  the  package.     Wi-fcli 
American  oil  it  is  not  a  competition  of  price,  but  of  quality.     I  know  instances 
where  our  oil  is  sold  for  American.       From   the   residuum  after  taking  the  illuini> 
nating  oil,  we  make  about  all  the  different  kinds  of  machinery  oils  that  are  required. 
Mineral  oils  are  fast  taking  the  place  of  animal  oils,  and  very  little  of  the  latter  is 
now  used.  We  also  manufacture  a  wool  oil,  so  that  there  is  very  little  waste  from  the 
crude.    Gas  oil  is  another  product.     It  is  used  in  making  gas,  and  was  I  think  hnt 
introduced  in  Toronto  for  this  purpose.  They  be^an  using  the  crude  oil,  but  changed 
into  this  intermediate  oil.    It  cheapen'^  the  manufacture  of  the  gas  very  much.    Oiir 
illuminating  oils  are  all  sold  in  Canada  ;  we  don't  ship  any  to  foreign  countries.   We 
cannot  compete  with  the  Americans.     They  have  better  facilities  for  reaching  the 
seaboard,  and  they  have  an  advantage  in  the  quality  of  their  crude  oil.     We  expoit 
some  lul)ricatin<^  oils  to  the  States,  and  supply  Heveral  railways  there.     The  crude 
or  refined  paraffine  can  be  sold  in  Glasgow  or  Liverpool.     John  McDonald  and  the 
Imperial  Oil  Co.  refine  their  paraffine.    Our  refinery  employs  seventeen  men,  aboat 
6  or  7    being  skilled  men,    distillers   and  treaters.     The  general  wages  are  from 
$4  to  i$15  a  week.     Treaters  get  from  $2  to  $2.50  a  day,  distillers  $10  a  week  and 
yardmen  8S.     We  use  about  "5,000  barrels  of  crude  a  year.     At  Comber  in  the 
county  of  Essex  two  wells  have  been  put  down,  the  second  one  last  year  and  the 
first  one  the  year  before.  The  first  was  put  down  1,230  feet  and  struck  oil  at  1,210. 
In  the  second  we  got  oil  at  1,210  feet  and  the  oil  rock  between  1,245  and  1,280  feet. 
There  is  110  feet  of  drift  on  top  of  the  rock  there,  below  which  is  the  limestone,  but 
there  is  no  soapstone.     We  thought  we  struck  Comiferous  limestone.     The  forma- 
tion seems  to  be  the  same  as  in  Ohio.     1  think  we  went  through  the  Niagara 
formation  about  000  feet.     The  first  well  is  on  the  Lalonde  farm  about  a  mile  north 
of  Comber  ;  it  pumped  about  fifteen  b  trrels  the  first  day,  and  then  fell  away  to  two 
or  three  barrels  ;  we  pumped  about  a  hundred  barrels  out  of  it.     They  claim  now 
that  it  is  flowing  about  half  a  l)arrel  a  day.     The  second  well  was  about  500  yards 
north  of  the  first,  and  was  not  as  good.     Stone  like  Utica  slate  was  fl^ot  out  of  the 
first  well  when  shot.      We  got  bitter  water  at  230  feet,  ^<alt  water  at  720  feet  and 
then  shales  and  streaks  of  li'uestone  from  that  down.     We  got  some  gypsum  below 
the  bitter  water  I  think.     We  struck  some  surface  oil  at  230  feet,  at  270  feet  we  got 
another  show,  and  at  008  feet  we  put  in  the  casing.     On  the  1st  of  July  last  there 
were  904  wells  at  Oil  Springs.      They  are  located  on  lots  16,  17,  18  and  19  in  the 
1st  and  2nd  concessions  of  Enniskillen  ;  258  in  the  1st  and  706  on  the  2nd.    The 
product  at  the  presetit  time  is  about  20,000  barrels  a  month.     The  burning  oil  sells 
for  about  14  cents  per  gallon,  the  gas  oil  for  7  or  8  cents,  and  the  tar  is  worth  75 
cents  a  barrel  ;  the  coke  does  not  count, 

J.  H.  Fairhaiik—1  came  to  this  country  in  1801.  In  1859  or  1860  the  first 
attempt  was  mide  at  utilising  Canadian  petroleum.  The  first  attempt  consisted  in 
extracting  a  liquid  from  the  *' gum  oil*'  that  found  its  way  t*  the  surface  at 
what  then  was  known  as  the  **gum  beds"  at  Oil  Springs.  Then  surface  wells 
were  dug  to  a  depth  of  40  to  00  feet ;  they  were  not  flowing  wells.  Near  the  sur- 
face rock  was  a  bed  of  gravel,  and  on  reaching  that  the  oil  would  press  into  the 
well  and  raise  it  quite  a  number  of  feet.  The  surface  well  was  usuiJly  a  shaft  of 
four  or  five  feet  in  diameter.  That  was  done  both  at  Oil  Springs  and  hece,  and  was 
the  first  development.     The  first  drilling  in  the  rock  was  at  Oil  Springs^  about 
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1861 — and  soon  after  rock  wells  were  sunk  here.     After  a  few  bad  been  put 
down  at  Oil  Springs  they  struck  the  great  flowing  region.     At  that  time  they 
cribbed  a  four  foot  shaft  down  to  the  rock,  and  most  of  the  drilling  was  done  by 
hand  power.    In  the  winter  of  1861-62,  flowing  wells  were  struck  which  produced  Flowing  well* 
very  largely,  some  of  them  reaching  into  the  thousands  of  barrels  in  24  hours.     The  at  Oil  Springs, 
great  bulk  of  that  oil  went  into  the  creek  and  was  lost.     Quite  a  number  of  such 
wells  were  put  down,  and  I  think  at  one  time  there  must  have  been  twenty  flow- 
ing wells  ;  there  was  hardly  a  pump  operated.     The  price  of  land  went  up,  but 
there  was  nothing  like  the  excitement  that  occured  subsequently.     It  was  tlien 
twelve  miles  to  the  nearest  railway  station  at  Wyoming.     There  was  navigation, 
but  it  never  amounted  to  anything  except  one  season  when  a  few  thousand  barrels 
were  floated  down.     A  plank  road  was  built  to  the  railway  and  the  oil  went  that 
way.     Between  the  striking  and  the  controlling  of  the  flowing  wells  there  was  a 
period  of  great  waste.     I  think  these  wells  did  not  continue  more  than  two  years 
after  they  were  struck  ;  they  changed   to  pumping   wells,   the   supply  seeming 
gradually  to  become  exhausted,  and  water  took   the  place  of  the  oil.     Between 
that  time  and  the  end  there  were  two  periods  of  excitement,  and  some  years  after  pio^nj.  ^  ji 
that  Oil   Springs  became   practically  deserted.     About  1865   developments   were  at  Petroli*. 
made  at  Petrolia  within  the  present  corporation,  but  no  flowing  wells  were  struck 
till  a  later  period.     The  flowing  well  period  in  Petrolia  was  about  18G6  ;  that  was 
in  what  is  known  as  the  King  district,  a  little  west  of  the  present  town.     We  have 
had   wells  there  as  high  as  400  barrels  a  day.     At  Oil  Springs  the  flow  was  very 
much  stronger ;   I  think  the  Black  and  Matheson  well  at  Oil  Springs  flowed  as 
much  as  6,000  barrels  in  24  hours.     I  made  a  calculation  at  the  time,  and  it  was 
about  that.     That  gpeat  flow  was  only  of  short  duration,  lasting  a  few  days  till  it 
was  controlled.     Here  the  greatest  flow  was  from  400  to  800  barrels,  and  not  much 
was   wasted.     These  wells  continued  to  flow  a  good  while,  and  then  it  became 
necessary  to  pump  thom  ;  some  of  them  are   pumping  wells   to-day.     Some  small 
flowing  wells  were  found  beyond  the  King  district,  but  that  was  the  great  centre. 
Flowing  wells  were  generally  found  where  there  were  crevices.     At  Oil  Springs  at 
370  feet  they  struck  a  great  crevice.     The  production  is  now  gradually  falling  off" ; 
new  wells  have  to  be  sunk  all  the  time.     I  would  estimate  the  number  of  new  wells 
last  year  here  and  at  Oil  Springs  at  400.      Wells  are  not  abandoned  till  the  pro-  The  cost  of  sink 
duction  falls  to  a  few  gallons.     The  cost  of  sinking  an  ordinary  well  in  the  old  days,  *"if  Tf^\ 
after  the   machinery   was   ready,    was   about  ?1,600.      The   contract  price    was  JJ^  ^  ^  ®*^" 
l^enerally  about  $3  a  foot  for  the  first  500  feet,  and  it  usually  took  about  three 
months  to  put  down  a  well.     That  of  course  cheapened  till  now  the  price  for  sink- 
ing a  well  is  about  ^150  or  $160.     I  have  not  known  it  less  than  that  at  Perrolia. 
At  Oil  Springs  it  is  less  on  account  of  the  depth  being  100  feet  less  than  here  ; 
the  depth  of  wells  there  is  370  feet.     I  do  not  know  why  it  is  less  than  here,  as  the  for- 
mation is  about  the  same.     I  do  not  know  how  many  wells  were  abandoned  last  year, 
but    I  do   not  think   there   were  as  many  as  400.     Some  are   being  constantly  ^^{1"****"^ 
abatidoned  ;  in  some  instances  they  are  allowed  to  stand,  but  in  others  the  tubing 
is  taken  out.     There  are  now  no  large  wells  at  all.     The  system  of  working  a  num- 
"ber  of  wells  from  the  one  engine,  the  jerker  system,  came  in  as  the  production  fell 
oflT.      When  we  had  large  wells  we  would  abandon  *a  well  that  produced  only  five  or  The  jerker 
six  barrels  a  day  ;  now  the  man  who  gets  a  well  of  that  kind  is  considered  to  strike  pumpfnS'wells. 
it  rich.     The  jerker  system  was  adopted  about  twenty-five  years  ago.     I  remember 
the  time  the  first  jerker  was  put  into  operation.     It  was  not  patented,  and  I  do  not 
know  that  it  could  be.     1  had  a  well  too  hard  to  work  by  man  power  ;  I  hadn't  an 
enp^ne,  but  there  was  engine  power  within  reach  and  I  applied  the  present  jerker  system. 
1  think  that  was  in  1863.     The  majority  of  wells  were  then  worked  by  man  power 
with  a  spring  pole.     The  jerker  is  universal  now,  and  it  would  be  impossible  to 
work  upon  the  old  system.     It  was  first  used  with  a  horizontal  walking  beam,  that 
was  afterwards  improved  by  using  the  wheel,  with  which  there  is  a  great  deal  less 
friction.     I  think  Mr.  Reynolds  was  the  first  who  introduced  the  wheel  ;  he  is  still 
here.     With  one  engine  now  they  work  from  half  a  dozen  to  eighty  or  ninety  wells, 
with  one  boiler  but  often   two  engines.     I  do   not  know  how  many  owners  of   oil 
properties  there  are.      There  are   some  who  have  two  or  three  wells  in  their  back 
yards,  and  some  have  up  to  one  hundred  in  a  group.     The  thicker  the  wells  the  ^^r**"}^  o'  wells. 
sooner  they  will  play  out.     We  have  instances  here  where  the  oil  supply  was  coming 
from  a  distance — a  producing  well  being  tapped  by  another  a  distiince  of  half  a  mile 
away,  thus  showing  the  connection  between  the  two.     There  is  no  indication  of  the  ijijje  petroleum 
oil  coming  from  a  bed  lower  down,  because  when  we  go  lower  down  we  do  not  find  bear&grock. 
it.     I  do  not  think  we  have  any  producing  wells  below  the  depth  of  500  feet.     We 
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find  the  oil  in  the  oil-bearinc  rock,  which  is  a  soft  porous  rock  varying  in  thickness 
from  one  to  five  feet.  I  understand  the  Ohio  oil  is  said  to  be  in  the  l^enton.  Our 
deepest  boring  here  was  1,500  feet,  but  I  do  not  know  whether  they  came  to  the 
Trenton  or  not.  I  think  the  oil  is  on  a  certain  saturated  area,  and  not  that  it 
comes  from  below  at  all.  At  one  of  the  natural  springs  at  Oil  Springs  they  found  fine 
sand  all  the  way  down  to  the  bed  rock.  We  have  to  be  very  careful  about  going 
below  the  porous  rock,  as  we  get  into  water.  After  finishing  a  well  now  we  put  in 
eight  quarts  of  nitro-glycerine  and  shoot  it  off.  Below  our  formation  we  have  100 
or  200  feet  of  salt.  It  is  said  to  have  been  found  at  Glencoe  at  1,200  feet.  Here 
we  struck  it  between  1,100  and  1,300  feet,  but  we  have  not  (i^ot  sufficient  water  to 
work  salt  here.  The  first  refiuery  was  established  here,  I  think,  in  1861  or  1862 — 
one  of  the  first  refineries  in  the  country  and  before  any  were  established  in  London. 
The  Great  Western  railway  was  built  to  Petrolia  in  the  winter  of  1867-68.  Before 
that  time  the  crude  oil  was  hauled  to  Wyoming  over  the  plank  road.  There  were  refi- 
neries at  London  before  the  railway  was  built  to  Petrolia.  There  was  a  period 
during  which  we  were  exporting  heavily,  and  during  that  time  there  would  have 
been  more  refined.  In  1870,  1871  and  1872  I  think  we  were  exporting  heavily, 
nearly  altogether  to  England,  but  the  Americans  drove  us  out  by  producing  better 
and  cheaper  oil.  They  can  produce  a  cheaper  oil  to-day.  The  great  point  in  their 
favor  is  that  they  have  a  better  crude  for  illuminating  purposes,  nearly  free  from 
sulphur.  They  have  a  superior  raw  material,  but  for  lubricating  purposes  ours  is 
fully  as  good  as  theirs,  and  we  can  produce  as  cheaply.  At  the  present  time  the 
United  States  ships  largely  to  England.  If  Englaud  allowed  us  10  per  cent,  advan- 
tage it  would  give  us  a  large  trade  if  we  had  the  quantity  to  supply  them,  but  I 
think  our  supply  is  limited  here.  I  was  never  interested  in  Bothwell  ;  at  that  place 
operations  were  carried  on  from  1860  to  1865.  The  surface  oil  was  known  for  many 
years  and  was  gathered  in  the  early  days  as  medicine.  There  is  oil  in  the  Bothwell 
district  in  different  places  in  small  quantities  still,  but  drilling  has  not  shown  that  it 
is  in  paying  quantities.  I  do  not  remember  the  depth  at  which  oil  was  struck  there,  but 
I  think  it  was  2(K)  feet  or  more.  I  do  not  think  there  is  any  chance  of  the  indus- 
try being  revived  there  at  the  present  price.  They  stopped  producing  when  oil  was 
worth  ^  or  S4  a  barrel.  The  highest  price  reached  here  was  ilO  a  barrel — 
that  was  in  1865.  I  think  it  went  as  hi^h  as  $11 — the  highest  I  sold  at  was  $7.50. 
At  the  period  of  the  large  flowing  wells  at  Oil  Springs  it  was  worth  almost  nothing, 
about  ten  cents  a  barrel  ;  that  was  about  1862.  For  a  short  time  about  1865  or 
1866  it  touched  $10  or  $11  a  barrel.  The  refined  oil  was  then  worth  60  cents  a 
gallon.  When  oil  was  first  found  at  Oil  Springs  we  were  burning  whale  oil  at  $1.25 
a  gallon.  There  has  been  recent  improvement  in  wicks,  the  circular  wick  ;  but  as 
to  burners,  the  old  sun-burner  is  as  good  as  any.  There  has  been  no  improvement 
m  the  ordinary  lamp  for  a  long  time.  The  whole  population  of  this  town  is  directly 
or  indirectly  employed  in  the  industry.  I  do  not  know  how  many  men  are  em- 
ployed, but  the  number  is  very  large.  The  refining  industry  has  increased  very 
much  within  the  last  two  or  three  years.  Nine-tenths  of  the  oil  of  this  country  is 
manufactured  here  now,  and  that  has  increa'^ed  the  number  of  men  employed  very 
considerably.  There  are  large  quantities  of  chemicals  used  here,  our  boilen  are 
manufactured  here,  our  stills  are  made  here,  and  our  brass  goods  are  partly  manu- 
factured here.  All  our  engines  are  manufactured  in  Oanada.  There  is  very  little 
pipe  manufactured  m  Canada  ;  there  is  only  one  manufactory  where  it  is  made,  and 
that  is  in  Montreal.  They  do  not  make  the  kind  of  pipe  we  want.  All  mateiial 
that  enters  into  consumption  here  has  to  be  of  the  best  quality  we  can  get.  It  is 
owing  to  that  and  the  skill  of  our  drillers  that  Petrolia  men  are  in  demand  all  over 
the  world.  Parties  are  going  out  every  month.  We  have  drillers  now  in  Germany, 
Austria,  India,  Burmah,  Mexico  and  Australia.  They  are  in  demand  in  Pennsylvania. 
I  do  not  know  how  many  gangs  are  engaged  in  that  industry  ;  I  think  more  than  a 
dozen  have  gone  away  within  a  month.  The  cause  of  the  demand  is,  that  they  have 
superior  tools  and  possess  superior  intelligence.  Our  manufacturers  of  tools  have 
succeeded  in  getting  the  greatest  possible  strength  within  the  smallest  limit,  and 
the  training  here  makes  the  men  perfect  in  their  department.  When  they  come  in 
contact  with  any  of  the  European  drillers  they  distance  them  completely.  The 
men  are  largely  the  sons  of  settlers  and  people  who  drifted  into  the  oil  business. 
The  work  is  very  hard,  and  requires  a  strong  frame  and  a  clear  head.  Our  men 
become  great  experts  at  it.  By  handling  the  pole  they  can  tell  what  is  going  on 
down  below  1,000  feet  as  well  as  if  they  were  there.  We  drill  much  quicker  than 
we  used  to.  Wages,  except  at  the  time  when  it  was  known  but  to  few,  remain 
about  the  same.     A  fair  driller  gets  $2.50  a  day.     When  they  go  abroad  they  get 
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good  wages,  and  expenses  paid.     They  are  paid  by  the  day  in  going   to  Germany, 
Austria  and   India.     The  pay  commences  when  they  get  there  and  continues  till 
they  reach  home  ;  their  expenses  are  also  paid.     The  improvement  in  the  quality 
of  iUuminating  oil  within  the   last  two  years  has  been  very  marked  ;   the  improve-  Inprovements 
meuts  have  been   made  altogether  by   those  in   the  business,  very   little  has  been  *°  ^^^  refining. 
done   by  chemists  or  experts.     The  Oil  Exchange,  of  which  I  am  president,  was 
organised  about  four  years  ago.     The  object  is  for  buyers  and  sellers  to  meet  at  a  Oil  Exchaage. 
certain  hour  of  the   day.     Formerly  the  bulls  and  bears  walked  upon  the  streets, 
^nd  that  was  not  a  very  satisfactory  way  of  doing  business.     The  exchange  has 
facilitated  business.     We  had  combinations  here,  but  they  would  generally  last  for 
a  season  and  then  break  up.     The  first  combination  was  organised  with  the  object  of 
•encouraging  export,  and  it  succeeded  fairly  well ;  it  was  organised  in  1809.     We  dis- 
criminated between  home  consumption  and  export  prices, and  sent  the  surplus  abroad,  T,nde  combin*- 
chiefly  to  England.    Competition  would  be  ruinous  ;  jobbers  would  take  advantage  of  tionsto  en- 
that  and  reduce  the  price  below  cost.     The  price  of  refined  oil  has  been  run  below  ten  courage  export 
cents  a  g.illon,  and  crude  has  gone  down  to  fifty  cents  a  barrel  ;  that  is  the  lowest  in  the  qufSity  of 
modem  times.     The  first  combination  we  had  lasted  two  years.     The  last  one.  was  illuminating 
organised  especially  to  improve  the  quality  of  illuminating  oil.     It  lasted  eighteen  ***** 
months  and  ran  throus^h  its  course.  A  certain  quality  of  burning  oil  was  to  be  manu- 
factured, and  was  to  be  subject  to  th&  examination  of  the  board's  inspector.     The 
report  of  the  quality  was  laid  upon  tlie  table  every  week  and  w«»uld  show  one  man^s 
oil  to  be  better  than  another's.     This  caused  a  rivalry  ;  the  treaters  and  distillers 
were  put  upon  their  mettle  ;   the   result  was  a  great  improvement  in  the  quality, 
and  it  has  to  a  great  extent   continued.      The  Americans  were  giving  our  people 
better  oil  then  they  were  selling  at  home  ;  they  were  our  competitors,  and  wanted  ^      ^        ... 
our  trade.     The   oil  business  there  is   managed   by  an  immense  corporation  with  the  ^at 
unlimited  resources,  great  advantages   in  the   way  of  freights,  and  its  affairs  are  United  sutes 
fk>inetimes  legislation,  we  think.      They  sent  in  a  good  article  and  it  was  necessary  *^**"'^'"®* 
managed  with   consummate  ability ;   it  controls  transportation  and  tankage,   and 
that  we   should  meet  them.     The   sharpest   competition  is  on  the  eastern  coast  ; 
there  the  freight  on  the  American  oil  is  very  low,   while   we  have   1,200  miles 
of  railway.   Having  that  advantage  there  they  push  us  very  hard,  and  they  also  make 
a  ^e  it  push  for  Manitoba  and  British  Columbia.     Competition  presses  hard  upon 
the  frontier,   and   it  is  difficult  to  do  anything  in  the  Niagara   district,  though 
we  send  our  best  oils  to  those   districts.     We   manufacture   oil   now  that  is   as 
good  as  their  best,  and  superior  to  their  ordinary,  and  to  what  they  use  at  home. 
We  do  not  have  the  trade  test  now,  and  I  thmk  oil  sometimes  comes  on  the  mar- 
ket that  would  not  have  passed  our  inspector.     1  do   not  think  the  Government 
should  deal  with  matters  of  quality  ;  that  is  an  affair  between  the  buyer  and  seller. 
I    tliink   sulphuric  acid   could   be  made  in  this  country  and  used  in  the  manu- 
facture of  superphosphate.     The  sulphuric  acid  has  been  sometimes  recovered  here.  Sulphuric  add. 
We  have  sent  a  good  deal  of  our  spent  acids  from  here  to  Detroit  to  be  used  in 
making  fertilisers  in  connection  with  the  bone  phosphate.     For  our  purposes  sul- 
phuric acid  made  from  pyrites  will  answer  equally  as  well  as  that  made  from 
brimstone.     A  very  considerable  quantity  of  acid  is  used  here.     We  make  as  good 
a  lubricator  as  ever  was  manufactured.   I  have  used  it  for  five  or  six  years,  running  Lubricating  oils, 
engines,  and  they  have  required  no  repairs.     I  prefer  it  to  the  best  lard  oil.     I 
supply  it  to  the  lake  Superior  steanders,  and  they  find  they  can  use  it  in  their 
at«'am  cylinders. 

H,  Kittridg& — I  am  a  member  of  the  firm  of  McMillan,  Kittridge  &  Co. ,  and 
superintendent  of  the  works.  1  have  been  in  the  oil  business  in  Canada  since 
1865.  I  first  located  in  Bothwell  during  the  excitement  there,  stopped  there  a  few 
months  and  then  went  into  the  contracting  business  putting  down  wells.  I  came 
to  Petrolia  in  1866  and  drilled  for  two  years.  There  was  no  cribbing  done  in  my  p2Solia\^i8M. 
time  ;  the  surface  stuff  was  bored  with  an  auger  as  now,  and  there  has  been  no  change 
in  that  respect.  We  considered  then  that  twelve  or  thirteen  days  was  particularly 
^ood  time,  working  night  and  day,  and  that  with  the  same  number  of  men  as  now. 
At  that  period  the  greater  part  of  the  drilling  was  done  with  the  cable  tools,  which 
system  requires  only  four  men  to  run  night  and  day.  That  system  is  entirely  done 
away  with  in  Canada  ;  ash  poles  with  joints  are  entirely  used.  In  using  the  poles 
it  takes  longer  to  cVan  out  the  hole  at  a  great  depth  than  with  the  cable  system. 
In  the  winter  of  1866  I  drilled  the  well  known  as  the  Lancey  No.  1.  It  was 
drilled  with  cable  tools,  and  in  drilling  it  we  raced  with  a  gang  using  the  pole  The  Lancey  w«U. 
tools  ;  we  drilled  530  feet  and  they  drilled  30  feet  less,  but  we  beat  them. 
Their  gang  was  considered  the  best  in  the  community.    Our  time  was  fourteen  days. 
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After  the  well  waa  down  it  was  offered  to  me  for  $50  and  I  refused  it ;  two  day» 
after  it  pumped  400  barrels  a  day.  It  has  been  abandoned  quite  recently  on 
account  of  having  too  much  water.  I  was  never  engaged  in  the  tanking  business^ 
and  I  did  not  go  into  the  refining  business  until  187^.  My  first  experience  in 
refining  was  at  Oil  Springs.  I  started  up  the  old  refinery  during  the  existence  of 
the  combination  and  continued  there  about  nine  months.  That  refinery  must 
have  been  built  in  1863  or  1864.     At  one  time  there  were  six  refineries  at  Oil 

B«flning  at  Oil    Springs  ;  that  would  be  between  1862  and  18G5.     In  1867  the  last  one  shut  down. 

SpringB.  They  shut  down  owing  to  the  failure  of  the  supply  of  the  crude  material.     A  large- 

quantity  of  crude  oil  went  from  Petrolia  there  to  be  refined,  but  everything  was  on 
a  very  small  scale  then.  Our  present  works  were  started  in  1880.  We  are  work- 
ing under  a  patent  process  which  stands  in  my  name.    Mr.  Woodward  has  a  patent 

Patent  proceis    ^bich  is  about  the  same  as  mine.     The  best  way  to  explain   the  system  will  b^  to- 

(TQde.     °*^         read  the  patent.     It  is  as  follows  : 

I  am  aware  that  the  present  ordinary  method  of  refining  illuminating  petroleum  is  to- 
treat  the  distillate  obtained  by  the  distillation  of  crude  petroleum  with  sulphuric  acid,, 
caustic  soda,  litharge  and  the  flowers  of  sulphur.   In  such  method  the  distillate  is  first  treated 
with  the  sulphuric  acid  to  remove  the  tar  and  other  impurities  that  may  be  afifected  by  th& 
acid.    Then  after  being  washed  with  water,  caustic  soda  is  used ;  and  in  order  to  deodorise 
the  oil  thus  far  treated  the  litharge  is  added.     Then  in  order  to  precipitate  or  settle  the 
litharp^e  or  other  impurities,  or  compounds  of  said  chemicals,  the  flowers  of  sulphur  are  added. 
But  oil  so  treated  gives  off  an  offensive  odor  when  burning,  always  smokes  the  lamp  chimney 
and  crusts  the  wick  ;  which  defects  I  claim  are  removed  by  my  process.    In  my  process,  take 
the  distillate  obtained  as  aforesaid,  treat  it  in  the  ordinary  way  as  before  specified  up  to  the 
point  when  the  flowers  of  sulphur  would  be  added,  but  do  not  add  the  flowers  of  sulphur. 
Then  at  this  stage  of  the  treatment  return  tlie  oil  thus  treated  to  the  still  and  re-distil  it. 
The  distillate  product  of  this  redistillation  is  then  to  be  treated  in  the  ordinary  method  a» 
before  specifiea,  with  sulphuric  acid,  caustic  soda,  litharge  and  the  flowers  of  sulphur. 

When  we  put  the  lead  in  our  oil  to  treat  it,  it  combines  with  the  sulphur,  the 
color  is  changed,  but  the  lead  remains  in  the  oil  and  caiinot  be  got  out.     Then  we 
put  in  sulphur  and  that  leaves  the  oil  light  and  clear.     We  have  rendered  the  oil 
sweet  to  the  nose,  but  the  sulphur  is  there  and  as  soon  as  we  bum  the  oil  we  have 
the  bad  odor  and  the  smoking  of  the  chimney.     By  my  system  the  sulphuric  acid^ 
lead  and  sulphur  are  extracted.     There  is  a  little  sulphur  left,  but  it  is  much 
better  than  the  old  system.     We  have  not  got  a  perfect  system,  but  we  have  im> 
proved  upon  the  old,  and  it  is  good  as  far  as  it  goes.     We  make  very  fine  oil,  and 
the  Americans  have  to  send  their  very  best  oil,  to  compete  with  our  improved  and 
to  hold  the  market.     We  have  three  large  stills,  and  one  re-distilling  stiU.     The 
capacity  of  our  three  stills  is  300,  275  and  250  barrels.     We  make  two  runs  in  the 
week,  but  we  could  if  necessary  make  three  runs  in  that  time.     As  we  make  mostly 
an  extra  good  illuminating  oil  we  get  a  small  percentage  from  the  crude.     The 
first  product  is  74  naphtha,  62  benzine,  then  the  Water  White  illuminating  oil ;  we 
make  four  grades  of  burning  oil.     The  specific  gravity  of  our  Water  White  is  .788. 
We  make  a  special  oil  for  Rogers  of  Toronto,  the  Carbon  Safety,  gravity.  .796. 
Our  third  and  standard  brand  is  .802.  We  make  a  neutral  oil  of  .8')0  gravity  ;  that 
is  used  mostly  for  wool  and  for  adulterating  all  kinds  of  oils.     We  make  paraffine, 
but  not  extensively,  besides  various  kinds  of  machine  oils.     Our  market  for  illu- 
minating oil  has  extended  this  year  from  the  furthest  points  in  Manitoba  and  the 
North-west    territories    to    New  Brunswick — generally    speaking    all    over    the 
Dominion.     The  demand  for  our  Water  White  is  increasing.     Our  oil  has  been 
handled  altogether  this  year  by  Samuel  Rogers  of  Toronto  ;  we  have  not  therefore 
solicited  outside  orders.     Some  of  our  oil  is  shipped  in  tank  cars  And  barrelled  in 
Montreal.     At  the  present  time  we  employ  eleven  or  twelve  men.     There  are 
three  yardmen,  one  treater  and  his  assistant,  and  two  stillmen.      1  have  no  man 
working  less  than  $9  a  week.     The  treater  and  stillmen  are  getting  $2  a  day  each, 
and  the  coopers  get  $2  a  day  at  this  season. 

James  Kerr — I  came  to  Petrolia  in  March,  1862,  and  have  been  in  the  country 
constantly  since.  During  that  time  I  have  been  connected  with  the  oil  business, 
experimenting,  operating,  putting  down  wells,  building  refineries,  etc.  I  have  paid 
a  great  deal  of  attention  to  the  quality  of  the  oil.  As  compared  with  the  Pennsyl- 
vania oil,  ours  is  composed  in  great  part  of  a  diflferent  series  of  hydrocarbons  ; 
therefore  the  chemical  affinity  of  our  petroleum  with  foreign  mattter  is  greater  than 
that  of  the  Pennsylvania  product  The  paraffine  series  of  hydrocan>on8  ia  less 
liable  to  unite  with  foreign  matters  ;  it  is  not  easily  aflected  with  sulphur,  sul- 
phuric acid,  chlorine,  or  anything  of  that  kind.  The  paraffine  series  of  hydro- 
carbons is  that  which  obtains  in  Pennsylvania,  and  is  more  truly  developed  there. 
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I  think  that  quite  an  amount  of  ours  may  be  classed  as  olefines,  and  some  other 
series  of  paramne  described  i'l  our  books  as  iso-paraffine,  and  neo-paraffin<),  and 
the  different  series  of  hydrocarbons.      The  petroleum  here  is  not  as  complete  a 
series  of  paraffines  as  that  of  Pennsylvania,  and  it  is  more  contaminated   with 
sulphur.     I  think  it  might  be  called  un  abnormal  series  of  hydrocarbons.     It  is 
chiefly  the  sulphur  that  is  troublesome.    These  hydrocarbons  being  different  from 
the    normal    hydrocarbon?,    they    are    mnre    difficult    to    treat.       One    of    the 
characteristics  of  this  abnormal  series  is  the   facility  with  which  it  unites  with 
foreign  substances  ;  here  ic  is  largely  contaminated  with  sulphur  compounds  chemi- 
cally united  with  the  hydrocarbon  molec  le.     I  would  not  call  it  sulphuretted 
hydrogen   in   its  natural  slate.      The  fact  of  these  hydrocarbons  being  different 
from   the  normal  renders  them  difficult  to  work.     When  they  come  in  contact  Difficulty  of 
with    our  chemicals    they    are    liable   to  combine    and    form    coin  pounds    that  treatment. 
do  not  vaporise  »nd  oxidise  in  the  flame  a.s  the  pure  series  of  paraffine  hydro- 
carbons   do.      It     makes    smoke     and     causes    a    deposit    on   the   wick    unless 
these    impurities    are   removed.      In    Pennsylvania    they   do  not   have   that  to 
contend  with.     We  get  a  great  deal  of  lubricating  material  out  of  this  crude 
oil.     Our  lubricators  are  as  good  as  any,   and   we   can   make   any    variety    or  Lubricating  and 
grade  we  choose.     I  think  they  can  do  the  same  in  the  States,  but  I  think  wh  get  JJ.ijJ™*nating 
a  larger  percent^e  out  of  the  crude.     There  is  only  a  certain  proportion  of  our  oil 
that  is  valuable  tor  illuminating,  at  any  rate  in  the  present  .sbite  of  the  market,  but 
on  the  other  hand  there  is  a  larger  portion  here  of  the  lubricating  series  than  in 
^Pennsylvania.  In  addition  to  the  illuminating  oil  the  products  are  gasoline,  naphtha, 
the  intermediate  and  wool  oils,  as  many  grades  of  lubricating  oils  as  desired  accord-  other  products^ 
ing  to  the  point  at  which  distillation  is  stopped,  and  after  that  we  have  paraffine 
'Wax.     The  wax  is  used  for  making  candles  and  different  other  purposes.     In  addi- 
'^ion  there  is  the  coke,  hut  that  is  only  used  in  the  house  for  fuel.     In  the  early  days 
"we  had  analyses  made,  but  we  found  them  of  no  practical  value ;  they  are  reported  in 
"tihe  chenuciJ  dictionary  published  by  Lippincott,  and  are  referred  to  in  the  British 
Sucycloptedia,  ninth  edition.   In  the  process  of  manufacture  the  gas  esca])e8  ;  it  could 
^Kie  ntilised  for  fuel,  but  we  do  not  require  it,  as  we  have  the  tar  and  refuse.     There 
^viroiild  be  no  difficulty  in  saving  it.     Vaseline  is  nothing  more  than  the  heaviest 
^prade  of  lubricating  oil.     Our  crude  is  said  by  some  analysts  to  contain  some  of 
"^he  compounds  that  are  used  in  the  manufacture  of  the  aniline  dyes,  but  it  is  not 
^sonsidered  as  good  a  substance  as  coal  tar  to  produce  dyes  from,  and  we  have  never 
Knanufactured  any.     Tars  and  asphalts  could  be  made  from  the  oxidised  matter  that 
Mm  got  in  the  treating  process.    Asphalt  is  very  largely  used  in  this  country  for  roof- 
,  and  is  imported.     If  there  were  sufficient  demand  for  that  or  any  other  product 
we  could  possibly  produce,  we  would  turn  our  attention  to  it ;  but  we  do  not 
anything  till  it  is  called  for.    In  reference  to  the  refining  of  the  oil,  my  obser- 
^^Tation  reaches  back  to  the  early  part  of  1807.     The  old  process  was  then  used,  the 
une  as  now  obtains  in  Pennsylvania.     It  is  simply  the  separation  of  the  different 
ravities  by  distillation,  and  the  treatment  of  the  distillates  with  sulphuric  acid  and  o?reflning!***** 
.ustic  soda  ;  that  is  to  take  out  any  of  the  depraved  matters  formed  in  thedistilla- 
by  the  cracking  of  the  oil  molecule.     We  take  out  the  broken  carbonaceous 
that  is  the  whole  process  in  Pennsylvania.     In  1807  that  was  the  process 
ere.     In  1868  I  went  into  the  refining  a  short  time  at  Oil  Springs,  and  about  that 
the  lead  treatment  was  introduced,  I  think  by  Mr.  Allen.    He  was  an  English- 
who  came  to  this  country  and  introduced  the  system  ;   it  was  stolen  from  him 
d  he  ne^er  got  anything  out  of  it.     In  the  early  days  at  Oil  Springs  a  great  deal  Tbe  l®«l  process, 
attention  was  p  lid  to  chemical  analyses.     An  old  Scotchman  connected  with  the 
Rock  Oil  Co.  named  Pearce,  I  think,  did  a  great  deal  of  work,  but  he  took 
Jl  and  died,  and  the  results  of  his  labors  were  lost.     He   made  some  good  samples 
I  oil.     From  1868  to  1885  there  was  no  improvement  in  ihe  treatment  of  our  oil.  .j^^  redistiiia- 
t  that  time  the  system  of  redistillation  described  by  the  last  witness  was  intro-  tion  process. 
The  process  of  redistillation  takes  about  24  hours  for  our  large  stills.     It 
simply  in  distilling  the  oil  off  the  Sulphide  ;   before  the  distillation  it  is 
nnslucent,  showing  the  sulphur  is  in  solution  ;    translucency  shows  periect  union. 
objection  to  the  new  process  is  the  increased  cost  of  the  redistillation,  but  if 
^fsioperij  done  the  product  should  be  perfect.     I  think  the  fiash  test  should  be  73 
instead  of  ©5,  and  that  the  gravity  should  be  changed  fiom  .805  to  .807.     The  _. 
^American  oil  on  account  of  its  composition  is  liable  when  exposed  to  a  low  tempera- 
ture to  crystallise.     When   crystillisation  occurs  a  separation  takes  place  of  the 
^nvities  and  boiling  points,  and  when  drawn  from  the  barrel  wo  get  simply  the  oil 
'^ith  a  Tery  low  flash  point,  leaving  that  with  a  high  flash  point  in  the  barrel.     Our 
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oil  does  not  crystallise  at  anything  like  the  same  temperature.  It  would  be  easy  to 
provide  different  tests  for  the  American  and  Canadian  oils.  With  a  lower  flash 
test,  instead  of  being  able  to  get  9  per  cent,  of  Water  White  we  would  be  able  to 
get  about  12  per  cent.,  and  (hat  would  put  us  in  a  position  to  compete  with  the 
American  oil  very  much  better  than  we  now  can.  In  New  Jersey  and  the  eastern 
states  the  flash  test  ia  63  ;  in  New  York  state,  for  the  English  market  and  for 
most  foreign  countries,  the  test  is  73  ;  in  Michigan,  Minnesota  and  Indiana  they 
have  about  the  same  as  we  have.  The  result  is  that  the  Americans  have  a  market 
for  one  part  in  New  Jersey,  for  another  in  New  York,  and  so  on.  The  reason  the 
gravity  was  restricted  was  because  the  oil  was  made  very  heavy,  with  the  result 
that  when  exposed  to  cold  there  was  crystal] isable  wax  in^it,  and  this  rendered  the 
fluid  parts  of  different  flash  tests  when  drawn  off.  In  our  oil  now  there  is  no 
crystalli  ation  even  in  the  co'dest  weather.  Take  the  best  American  oil  and  you 
will  see  the  paraffine  wax  at  10*  below  zero,  while  ours  will  not  show  it  even  at 
40**  below  zero.  The  gravity  of  our  best  oil  is  .788,  and  the  American  is  very  much 
the  same.  In  distilling  ihe  heat  is  applied  gradually  to  the  crude  oil.  We  do  not 
know  the  degree  of  heat  when  it  begins  to  distil,  but  I  think  it  is  anywhere  from 
200  to  800".  It  commences  below  the  boiling  point  of  water,  or  about  lOO"  ;  we  in- 
crease the  heat  as  we  get  down  to  the  heaviest  oils,  and  before  we  are  through  we 
have  the  bottom  of  our  still  red  hot.  I  think  we  can  take  the  boiling  point  of  the 
extreme  end  of  our  burning  oils  at  400°.  The  average  would  be  a  great  deal  less 
than  that,  perhaps  270*,  while  the  lightest  would  not  be  more  than  200**.  Some  of 
the  gasoline  would  pass  off  at  90'  or  lUO". 

R.  E.  Menzie — I  am  the  manager  of  the  Producers*  Oil  Refining  Co.,  organised 
in  the  fall  of  1884.  The  subscribed  stock  is  $50,00f),  on  which  is  paid  up  f37,998. 
A.  C.  Edward  is  president  and  there  are  fifty  shareholders  in  the  company.  We  are 
not  as  a  company  producint]j  crude  oil.  We  have  eight  stills,  six  of  which  run 
c  mtinuously  on  the  crude  (jil ;  the  other  two  are  used  for  the  double  distilling.  Last 
year  we  put  through  105,000  barrels  of  crude,  makiig  42,000  barrels  of  refined  oil. 
Our  products  are  refined  oil,  gas  oil,  tar  and  coke.  We  make  one  grade  of  refined, 
called  Union.  The  average  price  of  the  oil  without  the  barrels  is  8  cents  an  imperial 
Gallon.  We  produce  benzine  which  we  sell  at  7^  cents  a  gallon,  including  the  barrel  ; 
that  leaves  4^  cents  for  the  benzine.  Wh  are  S'^nding  a  low  gravity  gas  oil  to  St. 
Hyacinthe  and  Sherbrooke,  Quebec.  Tar  is  woith  70  cents  per  barrel  in  bulk,  and 
we  made  21,000  barrels  last  year.  We  also  made  15,750  barrels  of  gas  oil  and  about 
210  loads  of  coke,  which  we  sell  at  about  $1.50  a  load.  Our  illuminating  oil  goi?s 
from  the  Atlantic  as  far  west  as  Brandon.  We  have  shipped  the  tar  to  different 
places  an)und  the  country — to  Courtright,  Goderich,  IngersoU  and  St.  Thomas  ;  we 
don't  export  any  of  it.  We  employ  16  or  17  men  ;  sometimes  as  low  as  7  or  8,  and 
sometimes  as  high  as  30.  There  are  two  stillmen  at  $2  a  day,  two  engineers  at  $1.50 
a  day,  one  treater  at  $2 1  a  week,  three  coopers  at  $2  a  day,  two  painters  at  $1.75  a 
day,  and  ordinary  laborers  $1.50  a  day. 

James  Fides — I  am  in  the  employ  of  John  McDonald,  oil  refiner.  Our  worVs 
were  established  in  May,  1882.  Besides  being  engaged  in  refining*  Mr.  McDonald 
is  a  producer  and  farmer.  He  has  forty  or  fifty  wells,  two  of  which  are  near  the 
distillery  ;  the  others  are  mostly  on  his  farm  on  the  12th  line  of  Enniskillen,  about 
a  mile  and  a  half  from  the  refinery.  These  wells  yield  a  pretty  fair  average ;  I  suppose 
they  will  go  a  barrel  a  day.  Some  of  them  at  first  pumped  100  barrels  a  day,  but 
that  i-*  some  time  ago.  He  put  down  25  upon  his  own  place  this  year,  and  the 
highest  he  got  from  one  of  them  was  10  or  15  barrels  a  day.  We  produce  three 
grades  of  illuminating  oil.  Acme  .790  to  .795  gravity,  National  .802,  and  Safety  .802 
to  .805.  Formerly  we  manufactured  but  the  one  brand;  we  commenced  to  manufacture 
the  three  brands  about  six  months  ago.  We  manufacture  wax,  paraffine  oil,  and 
candles  ;  also  axle  grease,  wool  oil,  machinery  oil,  benzine,  gas  oil,  black  and  other 
grades  of  lubricating  nils.  There  are  eleven  men  employed  in  the  refinery,  ^he  two 
running  the  stills  get  $2  a  day,  cooper  $2  a  day,  candle-maker  $'3  a  day,  and  others 
get  $1.50  a  day.  Our  market  is  all  over  the  Dominion  of  Canada.  We  expoxt  the 
wax  to  Scotland  via  New  York  over  and  above  what  we  use. 

Frederick  Wolfe — I  am  the  manager  of  the  Consumers'  oil  refinery,  whioh  was 
erected  in  1881.  The  capital,  all  paid  up,  is  $30,000.  We  have  five  stills  for 
burning  oil.  and  two  parafi[ine  stills,  making  seven  in  all.  Our  stockholders  are 
producers,  but  the  company  is  not.  During  last  year  48,799  barrels  of  burning  oil 
of  two  grades  were  manufactured.  We  have  half  a  dozen  different  brands,  but  uiere 
are  only  two  grades,  the  Water  White  and  the  Prime  White.  The  brands  of  the  Water 
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z^^^^te  are  the  Beacon  Light  and  the  Brilliant  Light.     We  make  para^ne  wax, 

^l^vafline  oil,  benzine,  gas  oil,  neutral  oil,  and  oils  of  different  kinds  tor  machinery. 

"^^or  manufacturing  the  Water  White  we  have  a  process  different  from  the  other 

^"^fineries.    We  don't  use  lead  or  sulphur  in  the  treament ;   we  use  chemicals  in  the 

^%ilL     We  manufacture  under  Kennedy's  process.     What  we  have  done  so  far  that  The  Kennedy 

^^%ay  has  been  experimental.  We  put  into  the  distillate  in  the  still  an  equal  (quantity  tremtmenl. 

<^f  caustic  soda  of  60  per  cent,  strength  and  coppei'as  and  common  salt — about  half 

^^  pound  of  each  to  the  barrel  of  oil.     That  produces  an  oil  that  does  not  require  the 

^^wer  treatment.      We  are  positive  that  we  can  manufacture  oil  without  lead.      It 

^oes  away  with  the  sulphur  to  a  great  extent  and  stops  the  crusting  of  the  wick. 

Our  marset  is  from  Hidifax  to  western  Manitoba.    We  have  not  supphed  the  North-  Market*. 

"^rest  lately.    I  think  the  Imperial  Oil  Co.  st  res  oil  in  Winnepeg  during  the  summer 

wmd  they  get  lower  rates  that  way.     Without  having  a  ^to^ehouse  there  we  cannot 

supply  th^t  country  in  the  winter  on  account  of  the  high  rates  of  freight.    Benzine 

Jb  sold  in  Ontario  and  Quebec,  but  our  different  kinds  of  lubricating  oils  we  sell  all 

over  Canada  ;  we  do  not  export  any.      The  Americans  compete  \^ith  us  in  lubrica- 

'torB.     The  best  grade  of  American  oil  has  no  sulphur.     We  have  not  altogether  got 

7id  of  the  sulphur,  but  I  think  our  process  will  to  a  great  extent.   We  employ  about 

£fteen  men  here  ;  two  stillmen  at  ^1.75  per  day,  one  trefiter  at  82,  two  coopers  at  R»t«o'  wafrcs. 

92,  one  painter  at  91.75,  and  men  around  the  yanl  at  $1.50.     Wo  nm  the  stills 

night  and  day  and  make  two  chjirges  a  week.     During  tlie  very  cold  weather  we 

shut  down  for  about  two  or  three  mimths,  and  I  think  most  of  the  other  reiineries 

do  the  same  to  a  certain  extent. 

• 

John  D.  Noble — I  am  an  oil  operator,  one  of  the  earliest  as  far  as  Petrolia  is 
concerned.     I  came  here  about  1866.     The  way  my  attention  was  first  called  to  the 
business  was  this  :   I  was  a  vessel  owner  residing  at   Kingston.     A  schooner  came 
back  covered  with  oil  and  I  asked  the  captain  what  was  the  cause  of  it.     He  said  Karly  ezpericn- 
they  had  struck  oil  at  Sydenham  and  could  not  st«»p  the  wells  flowing,  and   that  it  <^«»at  Petroll*. 
was  coming  down  the  river  a  foot  thick  on  tt>p  of  the  water.     1  considered  there 
might  be  something  in  it,  so  I  came  here  immediately  to  look  into  the  matter. 
What  the  captain  referred  to  was  caused  by  the  flowing   w»  lis   of   Oil   Springs. 
When  I  got  here  they  had  just  struck  oil  at    I'etrolia  ;    1   fancied  th«  plate  and 
bought  some  land.     Just  at  that  time  the  King  flowing  well  was  st'  uck,  and   1 
bought  some  property  close  to  it,  and  put  down  a  well  which  pumped  'liSH  barrels  a 
day.     At  that  time  oil  was  worth  81.25  a  barrel.     I  sold  iis  cjuickly  as   1   could,  but 
I  had  to  erect  a  number  of  large  tanks  on  the  ground  to  store  in  till  1  could  sell,  so 
that  my  land  got  pretty  well  covered  with  large  wooden  tanks.     A  fire  broke  out  on  The  under- 
the  adjoining  property,  extended  to  mine  and  burned  all  my  tankn  and  8ome  7,5oO  *^'**""*^  **"}2iy 
barrels  of  oil.     The  tire  extended  till  it  coveied  some  twelve  acreB.      It  hwted  two   •    ®  '   * 
weeks,  the  flames  shooting  up  100  feet.     That  was  in    1867.     I  thouuht  over  the 
matter  how  a  recurrence  of  such  a  fire  could  be  avoided,  and  I  devised  the  tanking 
system.     I  considered  the  matter  over  with  scmie  friends,  Mr.  Jenkins  in  particular, 
aud  we  decided  to  adopt  the  present  underground  Hyntem.     The  clay  here  is  of  such 
s  nature  that  it  makes  a  perfect  tank  in  itself.      W'e  formed  the  Petrolia  Crude  Oil 
Tuiking  Co.,  and  elected  Mr.  Jenkins  president  aud  I  was  electe<l  vice-president. 
The  company  was  incorporated  under  the  Joint  Stock  act  of  Ontario.     On   top 
of  the  clay  there  is  an    alluvial   deposit    of    al>out  15  or  18  feet.      l^xcavatious  fomtructlon  of 
are,  made  about  60  feet  deep  and  30  feet  in  diameter,   with  a  ca[)acity  of  H^i)i)0  tank^. 
barrels  of  35  imperial  gallons.  When  we  get  down  18  or  20  feet,  to  the  clay,  a  wnnden 
sheathing  is  put  round  the  tank,    clay   is   pounded  down  firmly,   and   the    widl 
is   brought   up   about  a   foot  above   the   surface.     At   the   t^tp   it    is   sloped   off 
So   as   to  prevent   water  getting   into  the  tank,    and   it   is  perfectly    water-tight. 
(  have  held  oil  in  my  tanks  for  ten  years  without  leaking  a  drop.     If  the  tank  were 
empty  the  pre^•sure  from  the  outside  would  be  considerable  ;  therefore  we  alwayn 
keep  them  full  of  water  or  oil.     There  is  no  planking  on  the  bott^iui  ;   the  '»il  is 
poured  in  on  the  clay,  which  crmtinues   for  about  100  feet.     To  build  an  K/XX) 
barrel  tank  costs  about  25  cents  a  barrel  or  ^,000  for  each  tank,  but  s/mietimeH  we 
get  it  for  23^  or  24  i  cents  a  barrel.     Refined  as  well  as  crude  oil  can  be  stored  in 
the^e  tanks.     The  tem(>erature  is  always  the  same,  and   there  is  no  danger  from 
lightning,  which  is  the  great  cause  of  fire.     Our  comfiany  have  aln^ut  fiftv  tnnks,  Col)«ctlnc  mi4 
with  a  capacity  of  about  300, ^JOO  barrels.     Pij>e  lines  are  laid  all  over  the  terr.t'>ry,  Jjj^jj*  **** 
•0  that  producers  are  enabled  to  pump  their  oil  to  our  receiving  stations,  arid  they 
get  our  receipt  for  the  amount  pumi>ed.     We  have  r€K;eiving  stations  in  the  town- 
ship of   Sarnia,  and  at    Marthaville,    three   in     the     Petrolia    vicinity,    one   at 
the  east  end,  one  at  Oil  Springs.     When  it  is  delivered  by  the  pipe  line  it  is 
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pumped  into  a  wooden  tank  that  holds  so  much  to  the  fo^t.  Where  producers  are 
not  connected  by  the  pipe  line  they  employ  wooden  tanks  which  contain  eight 
barrels  each,  a  teamster  brings  it  to  the  tanks  and  it  is  placed  to  the  credit  of  the 

Eroducer.     Our  receipts  are  very  much  the  same  as  warehouse  receipts.     The 
older  if  he  desires  can  take  them  t*  the  bank  and  money  will  be  advanced  on 
them  freely  ;  or  he  ca»i  sell  his  receipt  to  a  refinery,  which  calls  upon  us  for  the 
delivery  of  the  oil  on  demand.     As  soon  as  demanded  we  pump  it  to  the  retinery, 
and  we  are  connected  with  all  the  refineries.     As  we  pump  the  oil  out  we  let  in 
water  Jbelow  ;  that  forces  the  oil  up,  and  keeps  the  tank  full.     A  cent  a  barrel  a 
month  is  our  charge  for  storing.     Our  tanking  company  is  separate  and  distinct 
from  the  others.     The  average  production  of  the  wells  now  is  about  a  half  a  barrel 
a  day  ;  we  have  some  that  pump  as  much  as  nine  or  ten  barrels  a  day,  but  half  a 
barrel  is  about  the   average.     I   think    the  largest   well   we  have   is  about  ten 
barrels  a  day.     The  price  now  is  $1.11  per  barrel.     The  principal  reason  that  we 
cannot  compete  with  the  Americans  in  the  English  market  is  that  they  produce 
about  75  per  cent,  illuminating  oil  while  we  produce  only  about  40  per  cent ;  their 
wells  flow  as  high  as  2,000  and  3,000  barrels  a  day,  while  ours  average  only  half  a 
barrel.      For  these  reasons  we  are  confined   entirely  to  Canada,  and   were  the 
American  oil  allowed    free  into  this  country  our  industry  would  be  completely 
wiped   out ;    we  could  not  compete  with  their   flowing  wells.     They  sell   Prime 
White  at  7  to  8  cents  the  wine  gallon  bv  the  car,  and  Water  White  at  10  to  12 
cents.     Having  regard  to  the  difference  between  the  wine  and  the  imperial  gallon 
(one- fifth)  that  would  be  equivalent  to  8V  cents  as  against  11  cents.     We  have  a 
refinery  in  connection  with  our  business,  but  we  only  make  one  quality  of  oil  ;  it  is 
between   a  Water   White  and  a  Prime  White.      In   the  States   they   make   two 
qualities,  Prime  White  and  Water  White.     Their  Prime  White  is  nearly  as  good  as 
our  Water  White,  about  as  good  as  our  firm  makes.     In  former  years  the  Canadian 
manufacturers  did  not  give  the  same  attention  to  the  business  as  now;    we  now 
make  a  much  better  oil  than  formerly,  but  we  suffer  from  our  bad  reputation.     In 
our  refinery  we  use  60,000  barrels  of  crude  oil  a  year.     We  take  40  per  cent,  of  that 
as  burning  oil  ;    the  balance  is  composed  of  gas  oil,  lubricating  oil  and  tar,  and 
there  is  a  loss  of  about  10  per  cent.     The  tar  is  about  20  per  cent.,  ^as  oil  16  per 
cent,   and  lubricating  oil  15  per  cent.     We  ship  most  of  our  refined  oil  in  bulk  to 
Ottawa  and  it  is  barrelled  there.     The  average  value  of  our  burning  oil  would  be 
two-thirds  at  8  cents,  and  one-third  at  11  cents,  making  about  $63,000  for  the 
year's  product.     The  j/as  oil  is  worth  76  cents  a  barrel  of  35  imperial  gallons,  the 
lubricating  oil  o  centd  a  gallon  in  barrels,  and  the  tar  70  cents  a  barrel  in  bulk. 
The  capital  of  our  company  is  $50,000,  all  paid  up.     From  the  20th  January  to  the 
end  of  December,  1887,  we  received  244,979  barrels  and  shipped  360,309  barrels. 
In  the  ten  months  of   1888  we  received  281,636  and  shipped  206,893  barrels  ;   in 
1884  received  255,768  and  shipped  184,214  barrels  ;    in  18H6,  received  299,407  and 
shipped  312,554  barrels  ;  in  1886,  received  253,022  and  shipped  240,134  barrels. 
The  consumption  of  refined  oil  has  been  increasing,  but  the  supply  of  crude  oil  has 
been  diminishing. 

William  Hammond — I  am  connected  with  the  Producers'  Tanking  Co.,  which 
was  organised  in  1884  as  a  joint  stock  company  under  the  Ontario  act.  The  sub- 
scribed capital  is  $40,C00  ;  the  paid  up  capital  is  about  $24,000.  Our  tanks  have 
a  capacity  of  about  82,000  barrels.  \Ve  have  about  five  miles  of  pipe  line  runiyns; 
around  the  corporation  east  and  west,  and  get  our  supply  from  the  Petrolia  district 
altogether.  We  have  eleven  wells  of  our  own  that  pump  about  250  barrels  a  month . 
Our  chaT^e  for  storage  is  one  cent  a  barrel  per  month.  We  send  a  little  crude  to 
London  and  Hamilton,  but  not  much — nearly  all  is  used  here. 

Dxiucan  Sinclair — I  am  a  well  driller  and  have  been  drilling  wells  for 
seventeen  years  for  myself.  I  have  been  drilling  altogether  for  about  twenty  years. 
I  drilled  for  a  year  and  a  half  in  Italy  for  oil,  and  1  have  also  drilled  in  New  Bruns- 
wick. When  I  first  started  we  drilled  with  the  cable  drill  and  worked  night  and 
day  with  a  gang  of  four  men.  Now  it  takes  three  men  for  the  night  and  three  for 
the  d;iy.  We  use  white-ash  poles  about  36  or  37  feet  long,  spliced  in 
the  middle.  We  cannot  take  them  out  as  quickly  as  the  cable.  When  I  bef][an 
work  twenty  yean*  ago  the  first  well  I  worked  at  took  five  week.n  to  finish  after  we 
got  down  to  the  rock.  Goinz  down  through  the  surface  was  another  branch  of  the 
business  ;  the  surface  was  put  down  with  an  auger.  Drillers  were  getting  about 
$2.50  a  fo'^t  for  drilling  surface  and  all.  The  contractor  took  the  job  and  let  the 
surface  boring  ;  he  did  not  furnish  rigging  at  all,  nor  the  wood  nor  water—only 
the  boring  tools — and  it  took  four  or  five  weeks  to  put  down  a  welL  There  were  very 
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few  poles  used  then.  The  cable  tools  were  lighter  than  the  cable  tools  used  now, 
l>ut  of  the  same  style.  The  advantage  of  the  pole  is  that  you  can  hold  the  tools  presenf  procMi. 
together  going  through  any  difficult  or  bad  rock,  when  you  could  not  with  the  cable. 
We  get  ou  here  at  from  460  to  466  feet.  I  have  never  found  much  oil  below  that.  We 
can  put  down  a  well  in  a  week  now,  or  perhaps  in  loss  time  if  we  have  no  breakage  ; 
4K>metimes  it  is  done  in  five  days,  but  as  a  general  thing  a  well  in  a  week  is  fair  work. 
The  price  is  now  $150  to  $160  a  well,  and  we  supply  the  tools  and  machinery,  and 
wood  and  water  if  required.  We  drill  in  a  dry  hole,  putting  in  enough  water  to 
rise  to  the  depth  of  the  sinker  ;  the  tools  drop  very  fast.  The  weight  of  the  sinker 
is  1,000  pounds,  much  heavier  than  it  was  in  the  old  days.  Now  we  know  how  to 
Tun  to  perfection,  while  in  the  old  days  we  knew  very  little.  There  are  gangs  con- 
stantly drilling  here,  but  in  the  whole  region  there  used  to  be  a  great  many  more  than 
there  are  now  ;  they  have  gone  to  foreign  countries.  The  casing  is  furnished  but 
we  generally  put  it  down  ;  we  put  down  the  pump  and  just  start  it ;  of  course  that  is  petroll*  well- 
■also  furnished.  I  think  about  ten  o"  twelve  gangs  are  employed  around  here.  A  drillers  abroad. 
jp-eat  many  of  our  drillers  are  in  foreign  parts  ;  the  Canadian  drillers  have  a  good 
name,  and  they  are  sent  for.  A  great  many  are  going  from  here  to  Australia,  and 
I  am  going  myself  too. 

W.  Gibbon — On  the  south  side  of  Manitoulin  island,  east  of  Manitowaning,  a 
company  bored  for  oil.  They  got  petroleum,  but  had  to  desist  on  qh  in  Mani- 
account  of  the  amount  of  salt  which  prevented  further  work.  It  is  about  toulin  island, 
twenty  years  since  the  work  was  done  there.  They  bored  I  think  in  three  or  four 
places,  one  well  being  sunk  to  a  depth  of  400  feet,  and  the  others  260,  320,  and  160 
feet  respectively.  The  oil  in  each  of  the  wells  was  t  f  superb  quality,  but  in  each 
case  they  also  met  with  salt. 

PHOSPHATE    OP    LIME. 

Thn  Oommission  visited  several  producing  properties  of  apatite  or  phos- 
phate of  lime  in  the  Kingston  district,  along  the  line  of  the  Kingston  and  ^J^JJ^***** 
Pembroke  railway,  and  also  in  the  Perth  district  in  the  vicinity  of  Otty  and 
Bob's  lakes.  This  latter  country  was  thoroughly  describod  by  Mr.  Vennor 
in  the  report  of  the  Geological  Survey  for  1873-74,  pp.  100-139.  Though 
only  a  small  part  of  the  phosphate-carrying  districts  was  visited  by  us, 
enough  was  seen  to  prove  conclusively  the  mistaken  idea  which  seems  to  pre- 
vail in  some  quarters  that  phosphate  of  a  lower  grade,  or  of  an  inferior 
qnality,  alone  exists  on  the  Ontario  side  of  the  Ottawa  river.  Larger  deposits 
have  been  opened  up,  particularly  in  one  district,  on  the  Quebec  side  thus  far, 
but  as  regards  similarity  of  occurrence  and  variation  in  quality  (dependent 
largely  upon  intelligent  dressing  of  the  rock)  identical  conditions  appear  to 
prevail  on  both  sides  of  the  Ottawa.  The  quality  of  the  higher  grades  of 
phosphate  shipped  from  some  of  the  mines  along  the  Kingston  and  Pembroke 
railway  is  as  high  as  any  produced  in  Canada.  The  evidence  will  point  out 
various  facts  in  this  connection. 

The  phosphate  properties  of  Capt.  Boyd  Smith  are  on  lots  29  and  30, 
concession  1,  township  of  Hinchinbrooke,  in  the  county  of  Frontenac.  A  wide  ^^^^^  ^^^ 
band  of  grey  pyroxenic  rock  strikes  north-east  and  south-west  and  dips  to  the 
north-west.  On  the  north-west  side  is  crystalline  limestone,  and  on  the  south- 
east side  granite.  Magnetic  iron  ore  occurs  in  places  in  this  formation  along 
with  apatite.  The  veins  or  deposits  of  apatite  occur  irregularly  in  various 
sizes  and  striking  in  different  directions.  About  twenty  openings  have  been 
made  from  20  to  60  feet  deep.  One  large  opening  from  which  phosphate  has 
been  taken  to  a  depth  of  140  feet  shows  a  width  of  from  12  to  15  feet,  while 
another  large  bunch  has  been  worked  down  to  145  feet.  In  places  the  pyrox- 
enic rock  becomes  very  quartzose  and  resembles  gnejssic  quartz  syenite.     The 


phosphftte  18  mixed  with  black  pyroxene  and  niagaetic  iron  ore.     The  gny 
pjroxenic  gneiss  gives  place  to  a  pinkisli  Bjrnnite  in  places,  and  when  this  occmn 
the   phosphate,   where  found,  is  of  a  pinkish  color.     Another   large   surface 
deposit  of  red  phosphate  runs  north-east  and  south-west  and  is  abont  8  to  10 
feet  wide.     Mr.  Smith  stated  in  his  evidence  that  the  ftverage   of  apatite 
shipped  during  the  past  two  years  is  84  per  cenL     The  magnetic  iron  ore 
occurs  similarly  to  the  phosphate,  and  is  of  a  high  grade  when  th«  apatite  ii 
oarefuUj'  cleaned  from  it     The  btnds,  however,  are  not  wide  enough  or  ap- 
parently presistcnt  enough  to  make  it  worth  while  working  them  atuj     j 
places  yet  opened. 

The  phosphate  property  of  James  Foxton,  of  Sydenham,  is  situated  on  lot     | 
10, concession  1 3, of  L.ou)i;hborough,in  thu  county  of  Frontenac,  about  sevenmile*     i 
from  the  village  of  Sydenham.     The  rock  in  the  vicinity  of  the  di'positiis 
s.w.  x.E.  banded  gneiss  with  grey  hornblende    and   pink    fel^ 

seaniR,  iiuurtzose  in  places.     At  the  bottom  of  the  largnt 
pit  (Fig.  2?)  the  strike  is  north-east  and  south-west,  bn^ 
t  widtli  is  not   known  as  the  wall  has  not  yet  been 
ichfd  on  the  south-east  side.     At  the  two  ends  m*w* 
'  of  dark  green  apatite  and  pyroxene  are  exposed  to  a  widtit 
of  1'2  feet,and  on  tlie  south-east  wall  is  n  quartzose  bora- 
^  blendic  rock.     The  phoephate  in  this  deposit  is  pure  andoE 
very  high  grade.     On  the  surface  the  vein  can  be  folio"*! 
1^'  for  some  distance.     Another  smaller  pit  has  been  sunk  oa 
vein  neur  the  shaft,  where  calcspar  is  found  full  <>' 
I  phosphate  crystals  and  associated  with  some  mica  cryst*!*- 
s  said  this  vein  can  be  followed  across  the  lot.     Abou^ 
Tut.  ta.   Fuwon  niiQo.   100  yards  north  55"  east  from  the  shaft,  at  another  ope"" 
a.  '*«w*,"„'^'-'«™-ing(,nthe  same  vein,  there  is  a  pit  25  feet  deep,  the  veitt 
dipping  75"  to  the  north-west.     It  yields  at  this  place  a  great  deal  of  pyrit^' 
the  vein  consisting  of  two  feet  of  phosphate  and  four  feet  of  iron  pyrites  acroi* 
its  width. 

Several  openings  were  visited  on  lot  4,  concession  8,  in  North  Burg**'' 
on  the  shore  of  Otty  lake.  At  the  first  opening  visited  (Fig.  — )  thephospb*^ 
B  east  and  west.  At  the  second  place  there  is  a  vein  of  phosphate  four  "^ 
ive  feet  wide  dipping  to  the  east  and  nearly  perpeodicul*'* 
consisting  chiefly  of  layers  of  phosphate  and  mica,  OoO 
,  of  the  layers  is  two  feet  in  thickness  and  will  run  80  P^ 
cent,  of  pure  green  phosphate.  A  shaft  has  been  ksx"' 
"■W  here  to  a  depth  of  100  feet.  The  wallsareagrey  quart«<'^' 
Fi9.  ».  ff.  photphau  granitic  rock,  and  in  places  vein  stuff  is  mixed  ^'^ 
«Mmf.idy>i.^.'"'  '■  pjroxenic  matter.  Through  this  part  of  the  country  <*' 
phosphate  occurs  in  narrow  veins  or  dejiosits  in  a  pyroxenio  micaceous  r<"*^ 
with  quartz  patches  in  places.  There  does  not  appear  to  be  any  large  nw**^' 
of  apatite  in  this  township,  and  it  is  said  that  it  is  found  more  profitable  C^ 
carry  on  a  number  of  small  workings,  as  open  cats  or  excavationa,  with  a  fe*^ 
men,  than  to  try  deep  mining  with  hoisting  and  pompiox  machinery. 
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8UPBBPH08PHATB    WORKS     AT    SMITH'S     FALLS. 

The  Commission   visited    the   superphosphate   works   of   the   Standard 

Fertiliser  and  Chemical  Company,  Smith's  Falls,  and  sis  the  subject  of  fertilisers  qJ^B^****^***** 

is  of  especial  importance  to  the  agricultural  industry  of  the  country  some  facts 

from  Mr.  Brodie's  evidence  are  taken,  together  with  information  derived  at 

the  works  themselves,  to  make  the  description  of  the  process  and  resulting 

fertilisers  more  complete.     Various  grades  of  superphosphate  are  manufactured 

for  fertilising  purposes,  and  acid  phosphate  is  also  made  at  the  works  which 

is  used  for  baking  powder,  etc.      The  sulphuric  acid  used   in  the  process  at 

this    establishment  is  manufactured  from  brimstone  imported  from    Sicily, 

and  costing  at  Smith's  Falls  one  cent  per  pound.      The  apatite  is  ground 

very  tine  by  buhrrstones,  after  which  it  is  conveyed  into  a  vat  by  means 

of  a  fan.    The  coarser  dust  falls  back    to    the    stones    and    is    re-ground. 

The  apatite  requires  to  be  pulverised  to  such  a  degree  of  fineness  that  if  bolted 

it  would  go  through  a  120  mesh,  or  at  least  an  80  mesh.    The  charge  is  weighed 

out,  moistened  with  sulphuric  acid  and  run  into  the  mixer,  and  thence   into 

an  air-tight  bin  that  has  a  wooden  funnel  above  to  carry  oti  the  hydrofluoric 

acid  which  generates.     The  acid  and  phosphate  of  lime  work  in  this  bin  and 

Bolidify  in  twenty- four  hours.     It  is  then  broken  up  by  a  sort  of  disintegrator, 

and  after  being  mixed  with  various  proportions  of  hydrochloric  acid,  ammonium 

potash,  ammonium  sulphate  and  nitrate  of  soda  it  is  ready   for  shipment. 

The  following  grades  of  fertilisers  are  manufactured  : 

No.  1 $32  per  ton. 

No.  2,  Standard 85    "    ** 

No.  3,  Special 40     "     *' 

No.  4,  Fruit  tree  42    "     " 

Plain  Buperphosphate 26    **    " 

In  1 887  three  hundred  tons  of  fertilisers  were  manufactured  and  sold.  Acid 
phosphate  is  also  manufactured  by  this  company.  Only  the  purest  ground  ^^^  phogpiiau. 
phosphate  is  used  for  its  production,  which  is  carefully  sorted  by  hand.  After 
the  acid  has  dissolved  the  phosphate  the  charge  is  leached  off  and  the  product 
is  the  liquid  phosphate.  This  is  then  evaporated  down  to  a  syrupy  condition) 
is  mixed  with  starch  and  dried,  after  which  it  is  ground.  It  is  used  as  a 
substitute  for  cream  of  tartar,  and  chiefly  as  a  baking  powder. 

The  phosphate  used  at  the  works  comes  from  Burgess  and  from 
Buckingham.  The  high  grade  (83  or  84  per  cent.)  used  for  acid  phosphate  Costof  tdeiertu- 
costs  $17.50  at  the  factory,  and  the  low  grade  (65  per  cent.)  costs  about  $9.60'  materiait. 
Farmers  us^  about  300  pounds  of  the  fertiliser  to  the  acre,  and  that  quantity 
ia  claimed  to  have  the  same  effect  as  25  wagon  loads  of  well-rotted  barnyard 
manure.  Market  gardeners  use  800  to  1,000  pounds  per  acre.  The  ammonium 
sulphate  costs  $60  per  ton,  and  $1 1  worth  is  put  into  a  ton  of  the  fertiliser* 
This  and  the  potash  are  imported  from  Germany.  Of  the  output  of  the 
works  about  seven-eighths  is  of  the  grades  Special  and  Standard,  and  the  price 
obtained  averages  $35  per  ton.  The  lead  chambers  in  the  works  cost  about 
$10,000,  and  the  pure  sulphur  is  said  to  be  much  less  severe  upon  these  than 
when  iron  pyrites  is  used.  The  sulphur  also  occupies  much  less  room,  and  a 
boy  can  look  after  the  furnace.  The  cost  of  producing  sulphuric  acid  is 
about  70  cents  per  100  pounds. 
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Joseph  Baxcden — I  have  been  interested  in  phosphate  property  in  the  township  of 
Storrington  on  lots  2,  4  and  5  in  the  14th  concession.     I  was  associated  with  J.  M 
Machar  and  we  carried  on  operations  for  one  winter,  and  some  of  the  propertiei 

rinalfen*"  ^*^'  ^^  ^^^  ^^^  ^^  parties  on  a  royalty.  No  mining  has  been  done  in  that  region  within 
the  last  four  years.  We  took  out  about  1*20  tons  of  phosphate,  and  the  ot|ier 
parties  about  3(X)  tons.  The  amount  of  royalty  generally  depends  upon  the  state 
of  the  roads,  the  distance  fnmi  a  market  and  the  supposed  practicability  of  work- 
ing the  deposits.  It  varies  from  $1  to  $2  a  ton.  We  sold  part  of  what  we  mined 
ourselves  at  $15  a  ton.  It  has  been  sold  in  this  city  at  from  $10  to  815  and  |1G, 
depending  upon  its  richness  and  the  price  at  the  place  of  manufacture.  The 
portion  we  sold  for  $15  a  ton  was  i  ei^uired  to  go  75  per  cent.  By  culling,  the  phos- 
phates of  this  section  can  be  made  to  grade  up  to  8(.)  per  cent.  All  the  phosphate 
of  good  quality  finds  a  ready  market  at  Kingston  for  shipment  to  Great  Britain  or 
the  United  States,  to  Baltimore.  I  understand  that  the  demand  for  Canadian 
phosphate  is  increasing  considerably  in  both  England  the  United  States.  Canadiin 
apatite  now  forms  12  per  cent,  of  the  quantity  entering  into  British  manufacture. 

phosphates.  '^^^  phosphate  formation  comes  into  Frontenac  county  at  the  north-east  part  of  the 
township  of  Storrington,  adjoining  Leeds,  where  a  large  amount  was  mined  for  the 
Brockville  chemical  works.  A  large  quantity  was  taken  out  by  Cowan  and  Steele 
on  the  shore  of  lake  Opinicon.  Since  then  James  Hunter  has  taken  out  consider- 
able (quantities.  This  formation  is  continuous  with  the  phosphate  bearing  forma- 
tion in  which  Mr.  Machar  and  myself  carried  on  mining.  We  traced  the  phosphate 
bearing  formation  in  a  westerly  direction  from  that  point  across  the  township  of 
Loughborough,  at  different  points  in  the  10th,  1  Ith  and  12th  concessions,  to  nearly 
the  western  boundary  of  the  township  ;  that  is  the  first  belt  of  the  phosphate  min- 
ing region.  Next,  going  in  a  northerly  direction  in  Bedfonl,  we  find  phosphates  at 
different  points  in  the  line  across  the  south  third  of  the  township,  but  not  passing 

Belts  of  the         the  western  boundary  of  the  township  that  I  am  aware  of.     We  have  another  phos- 

Imr^riMtlo^'  phate  bearing  formation  north  of  Bob's  lake,  extending  into  the  township  of 
Hichinbrooke  at  that  point  I  believe.  In  one  of  the  bands  the  phosphate  seems  to 
be  replaced  by  mica.  In  Storrington  and  in  Lougborough  wo  get  deposits  of  mica 
which  are  now  worked — that  is  in  the  first  band  1  mentioned.  In  some  phosphate 
veins  wo  find  black  mica. 

George  Rir.h^ril.vm — I  have  seen  nearly  all  the  mines  in  the  Frontenac  section 
and  have  handled  the  product  of  pretty  much  all  the  phosphate  mines  in  this  part 
of  the  country.     At  Sharbot  hike  there  is  a  good  mine  belonging  to  Mr.  Smith, 

•^Fro"ujiuMr^^  ^^^  ^^®  ^^^^  *  mine  near  Bedford  station.  Both  are  large  mines.  The  Foxton 
mine  is  on  lot  13  in  the  lOih  concession  of  Loughborough.  This  with  the  two  owned 
by  Mr.  Smith  are  the  only  mines  that  are  working  to-day.  The  output  of  those 
three  mines  is  about  3,000  tons  a  year.  There  are  some  small  locations  worked  by 
farmers,  who  mine  the  phosphate  in  small  v^eins  and  throw  in  a  lot  of  dirt  with  it. 
In  Sebastopol,  beyond  Hoh's  lake,  there  is  phosphate,  and  we  shipped  a  thous-ind 
tons  out  of  that  section  when  we  worked  it.  Our  property  is  0^  miles  from  Egans- 
ville,  in  Sabastopol,  and  there  is  hardly  a  lot  in  the  township  that  has  not  phosphate 
on  it.  To  the  north  of  Haley  statitm  also  there  is  phosphate.  We  have  worked 
twenty-five  or  thirty  deposits  on  our  proi)erty.  Phosphate  is  very  deceiving,  aa  it  is 
apt  to  run  out  at  any  time  ;  that  I  believe  is  the  case  with  phosphate  in  all  sections. 
Occurence  of  In  some  places  the  phosphates  are  capped  with  cr^'stalline  limestone,  in  other  places 
phosphates.  with  black  jack,  and  sometimes  they  are  found  with  pyroxene  rock  on  top.  In 
Sabastopol  it  occurs  as  pockets  in  the  limestone.  The  lime  is  like  a  seam  on  the 
sides,  and  when  we  remove  that  we  get  to  the  phosphate.  In  the  Kingston  district 
we  look  for  it  in  pyroxene,  but  in  Sabastopol  with  a  linins;  of  crystalline  limestone  in 
granite.  It  is  generally  found  there  in  a  seam,  just  like  a  vein,  and  in  s  me  places 
wider  than  others  ;  there  is  no  greenstone  associated  with  it,  and  whatever  color  the 
phosphate  is  the  granite  will  be  of  the  same  color.  The  quality  of  our  phosphate 
is  equal  to  any  ;  there  is  no  vein  in  thi-»  country  that  will  not  run  from  75  to  86  per 
cent.  The  average  cost  of  mining  would  be,  I  should  say  85  a  ton,  that  is  to  make 
it  ready  for  the  market.  The  freight  to  Montreal  depends  upon  the  locality  whence 
it  is  shipped  :  say  from  $2  to  85  a  ton  ;  then  there  is  the  hauling  to  the  station. 
Perhaps  from  most  of  the  mines  on  the  Kingston  and  Pembroke  railway  it  could  be 
Cottofpro-  delivered  at  $2  a  ton  from  the  station.  For  80  per  cent,  phosphate  we  can  cou- 
4lucUon.  tract  for  about  81G  or  817  at  Montreal.     The  German  market  pays  the  most  money 

for  high  grade  phosphate.  It  costs  Mr.  Smith  about  83  a  ton  to  mine,  and  it  does 
not  cost  him  more  than  87  a  tim  delivered  in  Montreal  at  the  outside.  We  cannot 
handle  farmers'  phosphate  because  they  will  not  mine  it  carefully.     To  ship  to 


Korope  at  the  preBent  time,  it  has  to  go  80  per  cent,  to  make  it  a  profitable  busi- 
'^Qn.    I  have  not  visited  the  mines  in  any  other  phosphate  district,  but  I  know 
^atas  £ar  as  quality  is  concerned  the  phosphate  from  this  district  i^  e([ual  to  any. 
/   think  phosphate  occurs  in  pockets  everywhere,  as  it  djws  here.     We  can  readily  Sj J^JJ  **' ^***'** 
tfioe  the  belts  or  ridses  in  which  it  occurs  ;    if  we  follow  one  we  will  find  outcrop- 
pings.    Their  general  course  is  north-east  and  south-wei«t.     The  red  phosphate  we 
■fiud  with  rtrd  granite  and  the  green  phosphate  is  found  with  grey  granite.     We  have 
^oond  some  very  rich  \^hite  phosphate,  and  have  shipped  200  tons  of  it.     I  do  not 
tiiink  the  color  has  anything  to  do  with  the  quality,  though  a  groat  many  people 
prefer  groen.     I  have  had   it  almost  black,  and  very  rich.     Sometimes  we  find  a 
vein  carrying  iron  pyrites,  but  the  pyrites  will  generally  run  out.     1  have  been  in  the  Mj^A**'®'  phoi- 
business  twelve  years,  and  up  to  four  years  azo  we  ube<l  to  average  4,()0H  tons  a  year.  ^* 
Since  then  the  market  has  been  poor.     The  price  now  at  Kingston  is  $14  ;  twelve 
^fsarsago  it  was  $S  to  99,  but  I  have  paid  as  high  as  $18  and  $10.     The  old  country  is 
•our  best  market  at  present.     Phosphate  goes  (hity  free  to  the  States,  but  the  Ct^^rolina 
phosphate  though  only  54  per  cent,   is  easy  to  manufacture  and  tjikes  less  .acid  ;  it  j. 
aells  I  think  for  about  $11  a  ton.  There  is  no  fear  that  tlie  demand  will  full  off.  Super-  m  a  fmtuSer!  * 
phosphate  is  not  used  by  the  Canadian  farmers.     We  have  given  out  some  in  the 
raw  state,  but  the  result  that  way  is  very  slow.     1  know  of  a  onse  however  whore 
« fanner  put  it  very  thick  on  a  few  acres  of  wheat  and  had  a  double  crop  Hfterwards. 

N",  D.Moore — I  am  interested  in  some  of  the  mica  and  phosphate  pr  perties  in 
the  Sydenham  district,  in  the  township  of  Lii)ugh borough.   We  have  given  leases  on  pjjopphate  dm- 
ASTeral  of  the  properties  which  are  being  worked,  but  we  are  not  workin^r  any  of  |)ertieein  the 
^properties  ourselves.     They  were  formerly  known  as  the  Smith  and  Ljicey  and  Sydenham    dU- 
Poray  properties.     There  are  about  1,050  acres  in  the  tract.     On  one  of  tlie  tracts   "   ' 
-vhi^  we  have  leased,  and  which  conUiins  about  50  acres,  the  Icsi^cc  claims  to  have 
149  openings  and  probably  40  or  50  veins,  and  he  is  cro.ss- cutting  these  veins  at  a 
4epfch  of  from  75  to   100  feet  below  the  surface.     I  am  decidedly  of  the  (tpinion 
thst  phosphate  occurs  in  veins,  the  same  as  iron  ore,  and  that  it  is  of  irruptive 
■origin.     While  I  am  of  the  opinion  that  the  veins  are  continuous,  it  will  recpiire 
^o&aiderable  testing  in  this  h)cality  to  prove  whether  I  am  correct  or  not.     Tiie 
nxUice  showings  of  phosphate  are  from  six  inches  to  six  feet  wide.     So  far  they 
h«re  in  almost  every  instance  nm  out  in  going  down,  but  that  is  uhat  1  w<tuld 
-^^pect,  as  I  have  seen  the  same  thing  occur  on  every  one  of  the  iron  ranges  that  I 
Ure  operated.      For  instance,  in  the  old  Man[uette  range  of  Mich  gan  tho  appear- 
^H>  of  the   surface   workings   of    the   different  mines    is  more  like  the  diggings 
in  the  phosphate  re;<ion  here  than  anything  else  1  know  of.     In  almost  eviryin- 
^stSQce  the  surface  showings  ran  out  entirely  and  sinking  had  to  be  done,  some- 
times to  a  great  depth  before  the  Vt  in   '•as  encount- red  again.     I   fully  Relieve, 
therefore,  that  at  greater  depth  in  our  pho.sphate  country  the  veins  will  not  only 
Ret  stronger,  but  that  the  quality  of  the  phosphate  will  very  material  y  improve. 
We  have   a  company  organised,  composed  of  Americfin  and  CanacUan  capitalists. 
The  amount  of  tho  cajntal  .stock  is  $50,00  ),  which  i>*  all  subscribed  and  j)aid  for.  a  ^„  i^i 
A  little  more  than  half  is  held  by  Canadians.     The  intention  is  to  develoj)  phos-  pany  ortf^iniged 
jtbateand  other  minerals.     We  intend  to  work  more  e8i)ecially  on  the  ph<>s{)hateat 
present.     We  are  not  hauling  phosphate  yet,  and  do  not  intend  to  do  so  until  we 
get  good  sleighing.     \^e  are  eight  miles  fnmi  the  railway,  and  expect  t^»  sell  our 
phosphate  in  IVfontreal.     We  have  offers  for  all  tlie  phos])hatc  we  am   mine  for 
"three  years.     The  demand  in  the   States  for  Canadian  phosphate  is  ini;reaiting, 
vhile  the  Carolina  mines  are  getting  poorer.      We  are  drifting  into  two  hills  to 
strike  and   cross-cut  the  veins  at  a  depth  of  75  or  10'>   feet   from   the   surface. 
Sometimes  the  pyroxene  takes  the  place  of  mica  in  the  phosphate  veins.     I  under- 
stand that  pyroxene  is  considered  a  good  indicati<^n  of  phosphate. 

James  Foxtwi — I  reside  in  Sydenham  and  am   engaged  in  phosphate  mining. 
Hy  property  is  situate<l  in  f.ougliborough,  being  composed  of  lot  13  in  the  10th  Ji\*J^.^iJ*^*^"ujjh. 
"Concession,  lOO  acres.     When  I  ac(iuired    the  jn'operty  twenty-five  y^  ars   ai^o  no  »K»ruui^'h. 
phosphate  had  been  discovered  ufK^n  it.      1  made  the  fii*st  discover}'  and  openin;^ 
*bout  eleven  \'ear8  ago.     We  have  altogether  about  four  hundred  shows  t>pened  uj). 
In  many  places  we  find  the  phos]>hate  in  veins,  but  we  have  not  followed  them 
^wn  more  than  eight  or  ten  feet,  except  one  that  we  are  working  U">v  and  two 
others  that  are  down  about  twenty  feet.    I  think  the  vein  we  are  on  extends  across 
the  lot.     There  are  other  veins  parallel  to  it,  the  general  course  being  about  north- 
east and   south-west ;    that   is   the  general   course   of   the  country  rock.     Veins 
extend  across  the  whole  breadth  of  the  lot  ;  in  .some  places  they  are  not  m(»re  than 
ioar  or  five  feet  apart,  and  in  other  places  fifty  feet.     I  do  not  consider  that  we 
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have  thoroughly  explored  the  property,  nor  do  I  think  that  we  have  diacoTeied  $H 
the  veins  that  are  upon  it.     We  began  operations  on  the  deep  pit  about  live  yean 
ago,  and  its  present  depth  is  1 15  feet ;  the  ve  n  is  there  about  fifteen  feet  wide.    I 
think    I  have  taken  out  altogether  about  4,000  lonff  tons ;  during  the  preieiit 
summer  I  have  taken  out  al)out  416  tons,  averaging  about  82  per  cent.     Last  yetr 
I  got  out  about  30'.)  tons  that  would  average  about  the  same  per  cent.     It  Urn 
realised  $18  delivered  at  Kingston.     This  year  for  the  68  tons  I  have  in  Kingston 
and  what  I  have  here  I  have  been  offered  814,  but  1  think  I  will  get  $15.    We 
have  good  facilities  for  shipping.     In  summer  we  haul  it  to  Eel  lake,  put  it  on 
scows  and  take  it  five  miles  of  the  distance  to   Kingston  that  way  ;  after  bein; 
taken  off  the  scows  it  has  to  be  hauled  the  rest  of  the  way.     By  rail  they  chsrga 
$10  a  car  from  Harrowsmith  to  Kingston.     That  is  equal  to  a  dollar  a  ton,  and  it 
would  take  75  cents  a  ton  to  put  it  on  the  car  trom  the  mine.     My  team  hanlt 
about  4,6i)0  or  4,800  lb.,  and  in  winter  they  often  haul  6,000  lbs.       In  this  way  we 
can   deliver   the   phosphate  at  Kingston   for   81*^5   per   ton.     Last  summer  w» 
employed  six  or  eight  lads  ;  we  don't  require   men  for  the  work.     We  drill  by 
steam,  and  there  are  two  men  to  attend  to  that.     We  have  a  boiler,  engine,  steam 
hoist  2iiid  steam  drill.     In  summer  time  I  paid  the  men  $j3  and  boa^d,  and  ihft 
boys  38  and  ^9.     They  will  not  clean  the  phosphate  properly  if  they  woit  by 
contract.     I  have  only  one  helper  with  the  drill ;  my  son  runs  it.     We  do  not 
tinilier  our  shaft,  as  1  do  not  think  it  is  needed  ;  it  is  a  perfectly  solid  rock,  and 
there  are  no  seams  in  it.     The  drifts  are  at  the  lowest  level  of  the  shaft.     There  m 
not  an  ounce  of  mica  in  a  hundred  tons   of  phosphate  with  us.     It  ctists  about  |4ft 
ton   to   raise  the  phosphate   if  ].">  or  20   feet  deep,    and  it   does  not  make  any 
dillerence  di^wn  to  loo  feet.     Working  at  20  or  30  feet  with  a  windlass  took  two 
men  to  attend  to  the  windlass,  while  now  at  a  deptliof  115  feet  we  ra'se  the  bucket 
by  stfani   and  it  cos's  much  less.     A  quarter  of  a  cord  of  wood  gives  usalltbe 
steam  we  want  for  a  day,  and  1  get  the  wood  at  $1.25  a  cord.     1  tan  deliver thft 
phosphate  for  ^  a  ton  at  Kingston  from  the  deep  vein.     We  raise  ab<^>ut  live  toDi 
a  day.     We  have  done  some  drifting  ;  south-west  we  have  gone  about  45  feet,  and 
north-east  about  the  same,  but  wo  have  not  stoped  out  any  yet.     My  pho$phat  ia 
prin(  ipully  green,  but  s<mie  of  the  shoviings  are  red.     In  ihcdeop  sliaf i  ic  is  all 
one  color,      in  the  other  showings  there  in  some  of  both  c.luis.     1  do  not  know  of 
any  cross  veins.     I  know  this  section  pretty  well.     There  is  an  immense  range  of 
pIio3])hate  rocks  ahout  fifteen  miles  long  and  about  three  miles  wide  :  it  nina  alioot 
east  and  west.     I  think  Uoyd  Smith's  location  is  about  the  limit  to  the  west.  Tbe 
range   extends   to    lake   Opinicon,    and   that  must   be   twenty   miles.     There  ia 
pliosphate  in  Bedfor  i,  but  the  country  has  not  been  prospected  except  here  and 
there.     It  is  in  Lough )>orough,  Storrington,  Oso,  Hinchinbrooke,  North  Buigeia 
and  North  Crosby.     It  would  be  found  all  through  the  back  country  if  eiplored. 
In  quality  we  can  equal  that  from  the  province  of  Quebec.     There  is  a  good  deal 
taken  out  by  ffvrniers  who  do  not  understand  anything  about  mining  ;  they  leave* 
great  deal  of  dirt  in  it,  and  that  has  ^iven  Ontario  phosphate  a  bad  name. 

Boijtl  Smith — 1  reside  at  Washington,  D.C.,  and  am  intereKted  in  the  phoapbata 
mines  at  Eagle  lake  and  St.  George  lake,  known  as  the  Bleaaington  mines.    Tli6 
EHgle  Uke  property  consists  of  lots  29  and  30  in  the  1st  concession  of  Hinchinbrooke, 
and  lots  29  and  30  in  the   1st  of  Bedford.     The  St.  George  lake  property  conaif 
ot  lot  0  in  the  1st  of  Oso.     The  area  of  the  Eagle  lake  property  is  between  800  and 
1,000  acn^s,  and  of  the  St.  George  lake  property  about  200  acres.     I  beoan  opera- 
tions (>n  the  St.  George  lake  property  about  four  years  age,  and  on  the  Eagle  lak* 
property  about  two  years   ago.     From   Eagle  lake  I  have  taken  out  about  3,200 
ton.«»,  and  from  the  St.  George  property  I  have  shipped  about  1,000  tons.     The  out- 
put from  the  Ea-^lo  lake  property  this  year  has  been  1,200  tons.     I  have  work«<^ 
the  St.  George  lake  prop*  rty  this   year  about  three  months,  and  have  taken  o^^ 
about  300  tons.     What  1  have  sold  has  averaged   me  $15  a  ton.     The  average^ 
my  phosphate  has  been  H3,  8')   and  86  per  cent.     My  shipments  to  England  l**^ 
year  averaged  H4  per  cent.     My  shipments  to  the   United  States  went  over  that. 
This  year  and  last  year  together  I   shipped  to  England  2,200  tons ;  the  baUo^ 
went  to  the  States.     My  b^-st  market  is  in  the  States.     That  is  partly  owing  to  my 
friends  being  there,  but  \  think  that  eventually  that  country  will  be  the  market  for 
Kingston  phos}>hates.     The  freight  to  Philadelphia  is  less  than  to  England,  while 
the  price   there   is  about  the   same.     The  market  in  the  States  is  growing  all  the 
time.      Where  they  took  200  tons  the  first  year  they  took  500  the  second,  and  are 
willing  to  take   1,000  this  year.     The   number  of  men  we  employ  Tariea.     Lwt 
summer  we  had  about  80.       Now  we  are  working  37  on  the  St.  €k!oige  Imke  pio 
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xrty  and  about  12  at  Eagle  lake.      In   winter  we  can  only  work  in  the  deep 

ta.     We  pay  boys  75  cents,  muckers  $L,  and  other  men  from  81.10  to  $1,50,  ex- 

ipt  the  saperintendeat,  who  gets  $w  a  day.     The  phosphate  occurs  in  half  a  Occurrence  of 

osen  lodes,  running  north-east  and  south-west  through  the  whole  of  these  four  the  phoeph»te. 

dU,  a  distance  of  a  mile  and  a  half.     The  width  across  the  belt  where  the  lodes 

wear  is  about  300  yards.     The  lodes  are  from  six  inches  to  six  feet,    and  are 

mgolar,  running  in  pockets  and  chimneys.     We  have  made  about  twenty  open- 

091  at  Eagle  lake,  the  greatest  depth  being  about  140  feet ;  the  others  are  from 

Bto  60  feet.     At  the  St.  George  lake  property  the  phosphate  occurs  like  seams  of 

ml  between  granite  and  limestone,  and  is  worked  like  a  (quarry.      The  dip  is  very 

miform,  at  4^^.     On  the  Eagle  lake  property  there  is  a  good  deal  of  magnetic  iron. 

James  Bell — I  am  interested  iu  a  phosphate  property  in  the  township  of 
Ikorrington.  I  have  a  mining  lease  from  the  Canada  company  of  82  acres,  acquired 
bur  years  ago  this  fall.     The  first  mining  on  it  Wcis  done  ten  or  twelve  years  ago 

ts  man  named  Teeple.     I  put  on  a  steam  engine  and  a  steam  drill,  and  cut  the  working  a  deep 
ft  over  again  to  admit  of  a  tramway  being  built.     1  have  sunk  to  a  depth  of  150  mineinStorring^ 
Ent  at  *n  angle  of  45*^.     The  hanging  wa'l  is  syenite.     Tlie  vein  is  well  defined  all  *^°- 
tte  wa/  ,  it  pinched  in  several  places,  the  narrowest  being  about  a  foot  and  a  half, 
iwt  now  it  is  about  six  to  eight  feet  wide,  which  is  the  widest  it  has  been      We  had 
iteontinuously  all  the  way  down  150  feet.     At  a  depth  of  150  feet  we  drifted  east 
ibrat  75  feet,  and  the  widest  part  is  at  the  farthest  end  of  the  drift.     The  rock 
m  much  softer  and  easier  to  drill  down  below  :  there  was  no  pyrites.   We  worked 
iboat  ieven  months  last  year  and  the  year  previous,  and  took  out  about  400  tons.  Quality  of  phos« 
Wb  commenced  work  this  neason,  but  our  buildings  wore  burned  down  in  the  latter  phate. 
Mvt  of  June.     The  general  character  of  the  phosphate  on  the  west  side  of  the 
Went  was  green  mixed  with  red,  while  on  the  east  side  it  was  nearly  all  red. 
Some  of  our  phosphate  is  85  per  cent.     Our  analyses  of  it  would  average  80  per 
snit.     It  has  to  be  cobbed,  and  that  is  where  the  expense  comes  in,  as  there  is  some 
blick  hornblende  with  it.     I  shipped  to  Hamburg  and  London  and  got  about  25  Markete. 
Bents  a  unit.     That  would  give  about  $20,  a  id  is   better  than  selling  in  Montreal. 
[  nerer  would  ship  to  consignees,  as  they  have  so  many  charges  that  it  would  ho 
ilmost  as  well  to  sell  at  home.     I  sold  29  tons  in  the  American  market,  and  the  sale 
til  satisfactory  to  us.     My  idea  was  to  grind  the  phosphate  and  sell  it  in  bags.     I 
Bing^t  820  a  ton  for  ground   phosphate  averaging  80  per  cent,  at  the  mill.     I  had 
ibout  14  or  15  men  employed  when  working  ;  they  wore  all  miners,  and  about  six 
orieven  were  in  the  pit.     I  paid  from  81.10  to  $1.25  per  day  to  miners,  but  to  tho  wa^*° 
BDgioeer  and  fireman  I  paid  $1.50.     We  will  have  the  works  in  operation  soon 
ifsin. 

W.  H.  L.  Gordon — W©  know  of  apatite  in  three  townships  in  Haliburton- 
Hisre  is  a  very  fine  showing  in  Dysart.  We  had  some  of  it  analysed  here  an<l  in  phoepha*e  in 
tke  old  country.  It  proved  to  b^*  very  good  ;  the  old  country  analysis  was  the  Haliburfeon. 
liigfaer  of  the  two.  I  cannot  say  whether  it  is  a  vein  or  a  bed.  In  the  township  of 
Dudley  it  is  in  the  side  of  a  hill,  and  appears  to  be  a  vein.  I  have  traced  it  myself 
Qtdte  a  distance.  It  occurs  in  lot  3  or  4  of  the  4th  concession.  On  an  island  in 
Long  lake,  exactly  east  of  that  deposit,  we  found  fine  specimens  of  phosphate  ; 
I  tlunk  it  continues  right  along.  The  Dysart  deposit  is  on  a  hill  within  400  yards 
of  tiie  railway. 

/.  Campbell—  I  found  some  phosphate  on  lot  6  in  the  10th  concession  of  Mon- 
ittoufch,  but  I  do  not  know  the  extent  of  it.  Monmouth, 

JameA  Bell — I  am  registrar  of  the  south  riding  of  Lanark.     I  have  done  a  little 
piospecting  for  phosphate  and  mica.     Lots  7  and  8  iu  the  7th  concession  of  Bur-  phosphate  in 
SMI   were     opened     by    me     ten     years    ago,    but    nothing    more    than    smdl  Burip««. 
piti   were    put    down.      On     the     adjoining     lot    a     shaft     has    been    su:ik  to 
•  depth   of    sixty    or    eighty    feet,    and  a   great    cjuantity    of     phosphate    has 
Wi  taken  out.       A  gentleman   from  London,  England,  worked  it  for  a  cou[)le  of 
J^ars.     There  is  any  quantity  of   it  there.     My  impression  is  that  the  country  is 
'ich  in  both  phosphate  and  mica,  but  I  think  the  best  lot-i  are  held  for  purpos  's  of 
■peculation.     The  bulk  of  thj  phr)sphate  has  been  taken  out  bv  tho  farmern  under  Methods  of 
contract,  but  their   work   has  been  only  routing  on  tho  surface.      The    English  w  irki  >(?  the 
companies    went  to  the  other  extreme,  sinking  shafts,  getting  steam  engines  and  lepoaiia. 
potting  up  buildings  before  they  knew  whether  there  was  anything  to  justify  the 
Mitlay  or  not. 

W,  J.  MorrU — Apatite  occurs  in  North  Burgess  in  gash  veins  and  deposits, 
•He  cannot  call  them  real  beds.      There  is  no  regular  run  to  the  rocks  sufficient  to 
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^^  follow  for  any  given  distance.      That  is  the  edge  of  the  disturbed  belt ;  the  vein» 

^patit«r?nNorth  themselves  are  often  dislocated.      The  Matheson  deposit  on  lot  2,  in  the  8th  of 
Burgesa.  Burgess  was  the  first  opened  in  Canada.      Work  was  commenced  ou  that  lot  about 

1855  or  1850,  and  has  been  continued  more  or  less  to  the  present  time.  Apatite  ia 
The  oldest  mine  also  found  on  the  north  shore  of  Bob's  lake  in  the  township  of  Bedford  ;  there  is. 
in  Canada.  ^  ^^^^  ^^^  traced  about  800  feet,  opened  nearly  *200  feet,  and  worked  to  a  depth  of  80 

feet,    'fhe  walls  are  principally  pyroxene.    The  vein  when  I  saw  it  was  six  leet  wide 
and  a  mass  of  crystals  for  eight  feet  deep ;  it  widened  out  to  15  and  16  feet.    At  times 
arsenical  iron  pyrites  gave  trouble.    The  finest  crystals  in  the  world  were  got  there  ;  I 
p_  g<^*'  ^^^  ^^^^  weij(hed  1,000  lb.    I  have  seen  hundreds  of  crystals  weighing  from  50  to 

SSedford.  1^  ^^-  ^^  loading  cars  we  have  had  to  break  every  crystal  with  the  hammer  for 
fear  they  Mould  be  stolen  as  specimens.  These  crystals  were  found  in  the  first  six 
feet  of  depth.  On  the  walls  there  was  a  lining  of  a  kind  of  soapstone.  We  wera 
not  bothered  with  calcspar  in  the  vein. 

^  William  Davies — I  reside  in  Perth,  and  I  am  a  mining  superintendent.    I  have 

been  iu  this  vicinity  about  eighteen  years,  and  have  been  interested  in  mining 
development  all  that  time.  I  have  some  interest  in  property  from  twenty  to  thirty 
miles  from  Perth,  but  have  been  chiefly  interested  iu  phosphate  mining  in  this  dis- 
trict. I  have  not  mined  any  phosphate  for  about  a  year  before  that  1  managed 
the  Anglo-Canadian  Phosphate  Oo.'s  mine  for  about  eight  or  nine  years. 
In  my  opinion  the  phosphate  occurs  in  pockets  running  lengthwise,  and 
the    same    way    down.        If    we    get    it    on    the    surface  and  it   plays    out    at 

Oceurenoeof       both   ends   we   will   get   it   a^ain,    but  it  may  be  in  large  or.  small   quantities. 

phosphate.  The    walls    are    generally    granite     or    pyroxene,     and    there    is  a    good   deal 

of  mica  mixe  i  with  it.  The  mica  is  generally  in  the  pyroxene,  which  forms 
one  or  both  walls ;  sometimes  you  get  the  pyroxene  without  it.  Speaking 
generally,  granite  forms  one  wall  and  pyroxene  the  other.  There  is  a  good 
deal  of  crystalline  limestone,  and  it  is  often  associated  with  the  phosphate. 
Sometimes  we  find  that  the  phosphate  and  the  limestone  are  mixed  up  in  the  vein 
very  largely.  We  don't  find  it  forming  a  wall,  but  chiefly  as  part  of  the  vein 
matter.  There  ai'e  some  large  bands  of  crystalline  limestone  in  Burgess,  some  of 
which  are  rich  in  phosphate,  but  most  of  them  are  not.  There  are  deposits  at 
Otty  lake  that  can  be  traced  for  half  a  mile.  The  contents  of  some  are  pure 
phosphate,  but  there  is  generally  a  slight  mixture  of  mica,  and  the  phosphate  is 
generally  associated  with  pyroxene.  Sometimes  it  is  full  of  small  lumps  of  black- 
jack ;  sometimes,  but  very  seldom,  we  get  tourmaline  ;  and  sometimes  pyroxene  ia 
mixed  with  it.  Limestcme  is,  I  think,  the  most  common  mixture.  Occasionally 
we  find  iron  pyrites,  but  not  often.  The  largest  deposit  of  phosphate  I  have  seen 
in  this  district  is  a  vein    with   two   perfect  walls  ;  it  is  a  mixture  of  phosphate, 

A  lar^  vein.  pyroxene,  mica  and  limestone.  The  walls  are  25  feet  apart.  It  is  on  the  east  half 
of  lot  13,  in  the  6th  concessiim  of  Burgess.  It  belongs  to  Mr.  McMartin  and  is  not 
being  worked  now.  There  are  two  pits  on  it,  one  50  feet  deep  and  the  other 
40  or  50  feet.  On  10  in  the  6th  of  Burgess  there  is  a  shaft  180  feet  deep, 
and  I  ail  told  there  is  about  2^  feet  of  phosphate  still  in  the  bottom.  The  vein  in 
one  place  was  five  feet  wide,  but  it  pinched.  The  reason  work  stopped  was  because 
all  the  machinery  was  burned.  I  do  not  know  much  about  the  Ottawa  district,  but 
I  have  seen  specimens  from  there,  and  I  have  seen  phosphate  here  equal  to  anything 

The  Ottawa  die-  they  get  there.     The  f ormaticm  in  the  Ottawa  district  is  altogether  different  from 

Irlct  phoiphate.  ours.  It  seems  to  occur  in  large  bunches  down  there  ;  here  they  are  smaller  and 
seem  very  like  veins.  There  are  more  of  them,  more  regular  and  smaller.  I  do 
not  know  much  about  the  rock  at  the  Quebec  mines,  but  it  seems  to  me  that  there- 
was  a  good  deal  of  mica  and  pyroxene  ;  it  is  pretty  much  all  pyroxene  down 
there.  We  have  more  limestone  and  mica  here.  The  Quebec  phosphate  is, 
I  think,  pearly  all  green,  while  most  of  the  phosphate  here  is  a  reddish 
green  ;  it  is  mostly  colored  a  little.  There  is  some  here  as  hard  as 
granite.      The  purity  of  our  phosphate  depends  upon  the  mining.      By   proper 

^^jJjT  *°^  mining  we  can  get  it  80  per  cent. ,  and  higher  if  we  wish.      Our  people  have  been 

more  careless,  and  the  Ottawa  district  has  got  a  better  name.  I  think  the  contract 
system  is  to  blame.  I  think  the  prospects  as  to  the  quantity  here  are  as  good  as 
they  ever  wore  ;  people  are  making  new  discoveries  all  the  time.  Within  the  last 
two  or  three  years  prices  have  not  been  good.  Miners  are  satisfied  to  get  912  a  ton 
for  80  per  cent,  on  the  Rideau  canal  or  at  Perth.  It  would  cost  |7  to  get  it  up, 
and  then  the  carting  would  cost  according  to  the  length  of  the  haul.  Some  of 
the  deposits  require  no  cobbing  at  all  ;  they  will  go  80  per  cent,  without  touching^ 
them.     In  the  ore  we  ship,  seconds  would  run  about  60  per  cent.  ;  they  are  about 
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one-third  of  the  whole.      I  do  not  know  whether  it  could  be  profitably  mined  to  a 

great  depth.      It   is  very   uncertain,    and  one  cannot  make  a  calculation  about 

going  down  ;  sometimes  lar^e  surface  showings  play  out  in  two  feet       We  never 

use  a  diamond  drill,  and  I  don't  think  it   would   be  safe  to  depend  on  ;  i^  i^^g^^^  2d  prorln? 

result  in  condenming  a  place  that  did  not  deserve  it.      Sometimes  the  veins  dip 

considerably  ;  sometimes  they  run  in  and  out ;  there  is  no  regular  dip  about  them  ; 

there  are  no  two  of  them  alik^.      Sometimes  two  veins  join  below,  and  then  wo 

look  for  a  larger  bunch. 

George   McMaHln — I   have   been   interested   in   mineral  development  in  the 
Perth   district  for  twenty  years,  with  the  exception  of  three  years  when  I  was  away. 
I  have  worked   both  phosphate  and  mica.      The  phosphate  properties  are  in  the  pert'L  in  i^rth 
5th  and  6th  concessions  of  North  Burgess,  lots  4,  5,  6  and  7  in  the  5th,  also  8,  9  Burgess. 
and  10  in  the  5th,  and  11  and  the  north-east  of  18  in  the  6th  ;  those  are  the  princi- 
pal ones.     The  phosphate  occurs  generally  in  veins  in  that  part  of  the  country.     In 
the  5th  concession  the  veins  are  well  deCuied  ;  they  run  north-east  and  south-west, 
and  have  water  frontage  on  Otty  lake.     Some  dip,  but  as  a  rule  they  are  flat.     The 
rock  is  a  hard  grey  granite  and  the  walls  are  perfect  as  if  chiselled.    The  vein  matter  ib  Occurrence  of 
pjrroxene  and  mica,  but  occasionally -we  run  into  crystallised  calcspar.     The  veins  on*(5j?Tik«u* 
are  from  eight  inches  to  three  feet  wide.     There  has  not  been  more  development 
ownig  to  the  want  of  capital.     The  work  is  let  out  by  contract  ;  therefore  quantity 
is  the  object  with  the  men,  and  they  throw  in  dirt.      I  am  speaking  of  one  lot  on 
the  Rideau  ;  there  are  twenty-two  veins  on  the  bank  of  the  Rideau  there,  but  only 
two  of  them  are  three  feet  wide.      Some  of  the  veins  small  on  the  surface  widen, 
while  other  times  t^ose  that  are   wide   on   the   surface   pinch  out.     It  would  be 
difficult  to  say  what  a  vein  will  do  farther  than  one  sees  it.    One  of  the  reasons  why 
they  have  not  been  worked  is,  I  think,  because  they  are  in  veins  and  there  is  so  much 
dead  ground  they  could  not  be  worked  to  any  depth.      If  the  vein  kept  perfectly 
pure  and  three  feet  wide  it  could  be  made  to  pay,  but  not  at  the  present  price.    To 
meet  all  markets  it  would  take  a  six-foot  vein  for  profitable  working.      Our  phos-  Narrow  veini 
phates  here  are  very  pure,  but  at  the  present  price  these  thin  veins  could  not  be  °ot  profitable. 
made  to  pay.     We  have  many   wide  veins   on   other  lots,  generally  in  calcspar. 
They  are  from  10  to  25  feet  wide,  but  are  not  pure  phosphate  crystals  ;  there  is  a 
good  deal  of  calcspar.     These  have  not  been   followed   to  any  depth.     We  went 
down  about  fifty  feet  on  two  of   the   narrow   veins  ;  the  phosphate  gave  out  at  a 
depth  of  about  twenty-five  feet,  but  we  struck  it  again  before  we  got  down  to  fifty  feet. 
On  the  north-east  half  lot  13  in  the  6th  concession  the  walls  are  perfect  and  about  25 
feet  apart.      The   intervening  space   is   filled   up   with   calcspar,  phosphate   and 
pjrroxene.      Such  veins  could  be  worked  at  ?7  a  ton.      Taking  the  vein  as  it  goes, 
without  cleaning  it  at  all,  it   would  go   about   50   per  cent,  phosphate  ;  in  many 
places  it  would  yield  80  per  cent,  but  50  percent,  is  about  the  average.      The 
present    price    would    not  pay  to  do  deep   mining,  on  account  of  the  narrow- 
ness   of    the    deposits.       Then    again    we    can't  sell   it  all   here ;  the  quantity 
taken  out  is  not  sufficient  to  induce  the   buyers  to   come.      A  man  near  me  has 
twenty  tons,  but  he  cannot  sell  it ;  if  he  had  a  cargo  perhaps  he  could  dispose  of  it, 
but  now  he  has  to  hold  it. 

Robert  C.  Adams — My  residence  is  Montreal. and  I  am  managing  director  of  the 
Anglo-Canadian  Phosphate  company,  of  Liverpool,  England.     The  company  was  xnjrlo-Canadian 
organised  two  years  ago  last  summer  ;  the  chairman  is  Sir  John  Morris  of  London,  phosphate  ccm- 
and  the  secretary  is  Mr.  Brainerd   Radcliffe  of  Liverpool.     The  subscribed  capital  P^°y- 
is  about  $140,000,  and  is  all  paid  up.     I  have  been  interested  in  apatite  mining  in 
this  country  about  eleven  years,  largely  in  the   townships  of  North  Burgess  and 
Bedford,  and  also  in  Ottawa  county,  Quebec.     Our  company  has  acquired  all  the 
properties  I  originally  owned,  and  some  others  close  to  them.     Those  in  North 
Burgess  are  in  the  5th  to  the  9th  concessions,  and  comprise  3,160  acres.     The  ^^pertiee  of 
Bedford  property  consists  of  a  mining  lease  of  some  600  acres,  near  Bob's  lake.     *  company. 
Bfining  commenced  as  soon  as  the  company  was  organised  ;  they  continued  the 
work  I  had  been  doing  and  enlarged  it.      We  attempted  deep  work,  with  com-  Mining  opera- 
pressed  air,  but  it  was  not  successful.     The  seams  were  not  sufficiently  continuous  **o°"- 
to  warrant  that  kind  of  work  ;  they  would  get  small  at  times,  but  they  did  not  give 
out.     We  found    the  work  was  more  expensive  by  machinery,  and  we  therefore 
have  gone  back  to  the  old  method.     We  are  down  1 00  feet  c>n  lot  5,  in  the  8th  of 
North  Burgess,  upon  a  vein  across  the  strata,  and  there  is  another  shaft  about  80  sinking  upon 
feet  on  a  vein  at  right  angles  to  the  first.     As  we  went  down  the  vein  that  ran  two  veins  to 
mcroBS  the    strata    we    noticed    a    considerable    difference    in    the    phosphate,  depths  of  so  and 
It    turned    largely    into    sugar    phosphate,     and    our    analyses    were    much 
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highoFf    so    much    bo    as    to    surprise    us.      The    phosphate    that    we    iiinw  ■jji 
estimated   at  80   per  cent,    analysed   86  per    cent. ;   while  what  1  laid  aside       fog 
75  per  cent,  went  81  per  cent.     At  a  depth  of  100  feet  it  improved  in  quality,  ^mad 
4  have  no  reason  i  o  suppose  it  would  pinch  out.     We  did  some  drift  ng,  and  fo  xaoe/ 
the  same  characteristics  as  in  the  shaft.     We  opened  on  the  length  of  the  veixi  in 
the  shaft,  and  have  worked  at  least  100  feet.      There  are   perhaps  200  or    3uO 
little  pits  on  this  property  in  North  Burgess.     My  impression  is   lyifavomble  to 
the  use  of  macliinery,  owing  to  the  fact  that  the  ;ij;angue  rock  in  that  district  is  apt 
to  be  barren,  while  in  the  Quebec  district  the  whole  rock  will  be  honeycombed 
with  phosphate.     In  this  locality  it  is  more  contined  to  veins.     The  average  widtli 
of  the  veins,  I  think,  is  between  two  and  three  feet,  the  widest  beins;  about  aeveu 
feet.     Veins  seven  feet  wide  were  found  last  year  ;  they  pinched  out,  but  I  have 
no  doubt  tlu*y  would  come  in  a^ain.     I  believe  a  very  larj^e  quantity  of  apatite  is  to 
be  found  in  this  region.     The  great  diiiiculty  is  the  irregularity  of  the  deposits. 
Last  yi^ar  we  took  out  from  8(K)  to  1,000  Urns,  and  the  largest  year's  work  upon  thst 
property  has  been  about  l,oOU  tons.     This  year,  so  far,  we  have  taken  out  between 
600  and  GOO  tons.     We  employ  from  15  to  30  men.     1  think  the  contract  system  is 
the  better,  and  we  have  now  gone  back  to  it.     It  is  much  better  in  many  respects, 
owing  to  the  deposits  being  so  scattered  that  it  is  ditlicult  to  supeiintend  the  men. 
The  objection  t<»  the  contract  system  is  that  the  (quality  is  apt  to  be  less  good,  and  the 
work  requires  careful  watching.     When  working  by  the  day  we  paid  ^1.25,  and  by 
the  contract  §()  a  ton.     It  varies,  of  couise,  with  the  depth.     For  surface  work  we 
were  paying  84.50  a  ton  ;  at  a  depth  of  70  or  80  feet  I  paid  about  $5.50.    It  is 
diflicult  U)  get  men  to  work  at  a  depth,  and  when  they  get  to^bout  30  feet  they 
seek  for  a  new  pit.     When  they  follow  a  vein  they  just  gouge  the  mineral  out,  and 
when  we  come  to  work  it  again  we  have  to  do  some  dead  work  to  set  it  fit  for 
working.     Our  market  is  in  England  and  Germany.     Germany  is  the  oest  market 
for  the  very  high  qualities,  but  the  ordinary  grades  find  the  best  sale  in  England. 
My  average  from  the  North  Burgess  mines  ha^  been  about  79  per  cent. — from  74  to 
84  per  cent.     One  year  by  contract  it  averaged  70  per  cent. ;  that  is  a  high  avenge 
for  contract.     We  make  75  per  cent,  the   minimum.     The   price  at  present  at 
Montreal  is  about  81*2  a  ton  for  7<'>  per  cent,  phosphate.     There  has  been  a  ureat 
decline.  Formerly  we  got  Is.  3d.  a  unit  for  70  per  cent  ,  but  the  price  now  is  8jd. ;  84 
per  cent,  phosphates  would  be  worth  818  per  ton  in  Montreal  now.  Some  years  ago 
it  was  wortli  823  ur  824  a  ton.     I  th'nk  su[)erphosphate  can  be  manufactured  here. 
The  only  difference  is  as  to  the  su])]>ly   of    sulphuric  acid,  but  I  think  there  is  ao 
much  iron  pyrites  in  the  country  tliat  a  place  could  be  found   for  treatirg  it.     1 
think  that  in  accordance  with  the  experience  of  other  countries  the  demand  for 
superphosphates  is  bound  to  increase.     They  are  largely  used  in  the  States.     The 
trade  is  opening   up  in  that  country  and  there  is  a  great   demand  for  our  product, 
but  principally  for  the  lower  grades.     I  think  tlie  reason  they  take  the  lower  gifuiea 
is  because  they  have  been  in  the  habit  of  using  the  Carolina  phosphate,  which 
contains  only  about  54  per  cent.,  and  they  have  not  had  any  experience  with  hitfh 
grade  phosphates.     I  do  not  see  why  the  manufacturing  of  superphosphatea  shoind 
not  be  profitably  carried  on  here.      (  have  experimented  myself  in  my  garden  at 
Montreal  with  raw  phosphate.     The  effect,  on  some  of  the  roots  ana  plants  was 
wonderful  the  first  year,  and  I  think  it  affected  the  crop  the  following  year.     The 
m.itter  of  the  American  market,  however,  is  a  very  important  one,  as  also  is  the 
encouragement  of  the  use  of  phosiiphate  at  home  ;  the  good  effects  arising  from  its 
use  in  other  countries  show  that  it  is  of  great  value  to   farmers.     The  supply  of 
Carolina  phosphates  is  plentiful,  and  this  year  they  are  taking  out  more  than  ever, 
but  the  output  of  half  a  million  tons  yearly  mus(  in  time  exhaust  the  Biipplies.     T 
don't  think  the  quantity  in  this  district  is  as  great  as  in  the  province  of  Quebeo  ;  I 
am  speakmg  of  ^forth  Burgess.     It  is  not  found  in  as  lar>(e  single  deposits  an  in  the 
few  highly  successful  mines  in  Quebec  ;  but  with  those  exceptions  I  would  say  it  is 
in  as  good  (Quantities.      It  is  not  on  the  average  ([uite  so  high  in  quality  as  the 
phosphate  from  the  Lievre  district.      It  is  all  very  similar  throughout  the  whole 
district  from  North  Elmsley  through  into  the  townships  of  Sydenham  and  Longh> 
borough.     The  most  productive  work  has  been  done  in  the  sectiim  near  Otty  lake, 
some  15,000  tons  having  been  produced  from  those  lots  alone.     It  also  occurs  in 
Bedford,  Hichinbrooke,  Storrington  and  North  Crosby.     I  am  now  working  also  at 
Bob's  lake,  in  the  township  of  Bedford,  Frontenac  county.      The  deposits  were  are 
remarkaMe  in  character,  and  consist  largely  of  crystals  occurring  m  soft  rock,  so 
that  a  great  deal  can  be  taken  out  with  the  pick  and  shovel  without  the  use  of 
exploBiveB,     1  am  working  there  on  contract,  and  for  the  last  two'monthg  the  men 
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have  been  taking  out  double  the  usual  quantity  per  man,  and  they  are  making  as  •^^  g^^.g  i^^^ 

much  as  $i.5(>  a  day  at  the  present  time.     The  percentage  is  very  high.     It  is  all  mines. 

oyer  80  per  cent.,  and  a  great  deal  contains  92  i>er  cent.,  bein^  crystals,  but  the 

average  would  be  what  I  have  stated.     The  veins  are  small  and  numerous,  varying 

in  width  from  one  to  three  feet ;  they  mostly  run  north-west  and  southeast — that 

is  acroas  the  stratification.     As  a  ru:e  I  think  they  run  parallel.     A  great  number 

of  the  veins  are  bein^  opened  now.     The  country  to  the  north  has  been  explored 

for  apatite  lately  and  I  iave  hc-ard  of    some  opeuini:s  but  none  have  been  worked  Expiorins  lor 

continuously.     I  do  not  see  why  they  should  not  be  as  good  there  as  elsewhere.     I  phospluit«. 

think  the  country  has  been  pretty  well  run  over  by  prospectors,  but  a  great  deal  of 

it  in  thick  bush,  and  it  is  very  difficult  to  doteriuine  its  character.  The  characteristics 

are  about  the  same,  J.  think,  as  in  North  Burgess.     We  have  less  cobbing  work  than 

they  have  in  Quebec,  but  on   the  other  hand  less  productive  rock,  the  phosphate 

being  in  distinct  seams.       The  country  rock  at  Bob's  lake  is  pyroxene.     At  North 

Burgess  there  appears  to  be  a  mixture  of  pyroxene,  limestone  and  quart?  rocks. 

The  quartz  occurs  in  large  beds  and  veins.     Some  of  it  is  said  to  be  auriferous.  We  q^rtaf^^ 

have  had  analyses  as  high  as  $22  to  the  ton  from  some  quartz  from  North  Burgess. 

I  have  been  assaying  a  good  many  specimens  myself,  and  1  found  gold,  but  none  in 

appreciable  quantities.     The  rock   is  principally  pyroxene,  but   there   is  a  large 

quantity  of   dark  amber-colored   mica  which   has  little    commercial   value.     The 

reason  machinery  did  not  succeed  was  because  the  seams  were  too  small,  and  we 

had  to  cut  a  larger  space  so  as  to  be  able  to  work  the  drills.     On  account «  f  the 

amount  of  work  it  is  not  a.-*  cheap  to   use  machinery  in  small  veins.     I  refer  to 

compressors  and  drills  ;  of  course  we  use  hoisting  machinery.     We  have  done  very 

little  drifting  ;  a  great  deal  of  time  has  been  wasted  hoisting  water.     If  the  mining  Economy  io 

'were  done  by  hand  and  the  hoisting  and  pumping  by  steam  they  could  succeed  working  th« 

better.     We  generally  employ  in  one  pit  a  gang  of  four  or  five  men.     One-fifth  of  "**"•■• 

a  ton  a  man  is  generally  considered  about  the  average  work.     Five  men  will  take 

out  about  a  ton  a  day  vvhere  thny  are  at  all  successful.     I  should  say  that  the 

deposits  never  run  out ;  they  pinch  for  a  space  and  then  come  in  again.     I  think 

they  are  persistent,  but  vary  in  size.     The  only  reason  f(»r  not  going  deeper  is  the 

•cost  ;  it  is  more  economical  to  g>  to  another  place.     When  the  price  was  high  a 

great  deal  of  the  phosphate  was  taken  out  by  farmers  themselves,  and  they  still 

take  out  a  little,  but  I  do*nt  think  they  mine  intelligently. 

B,  T,  A.  Bt^U — I  am  a  journalist  and  editor  of  the  Mining  Review.  I  have 
taken  an  interest  in  mining  for  several  years,  and  have  been  directly  connected  with 
it  for  two  years.  During  that  time  there  has  been  a  material  increase  in  the 
amount  of  capital  investt  d  in  our  mines,  a  larger  number  of  men  have  been  employed, 
and  I  think  the  o  tput  of  ore  has  stiadily  increased.  I  am  referring  now  to  phos-  impreadcM  of 
phate  mining,  which  is  the  principal  mining  interest  of  this  vicinity.  I  have  not  ^°^*^**  mines, 
nad  an  opportunity  of  visiting  mines  along  the  Kingston  and  Pembroke  railway 
yet,  but  have  some  fi  e  specimens  of  their  ore  an'd  know  what  is  going  on  at  the 
mines.  I  am  particularly  impressed  with  Boyd  Smith's  mine,  the  specimens  from 
which  are  quite  equal  to  any  from  the  Quebec  side.  From  Sydenham  I  have  speci- 
mens that  1  think  would  go  90  per  cent.  I  do  not  know  of  any  reason  why  phos- 
phate from  the  Kingston  district  should  not  be  equal  in  quality  to  that  from  Quebec, 
in  the  Pe'  th  district  there  are  large  surface  showings,  but  it  is  not  possille  to  say 
yet  to  what  extent  the  veins  continue.  In  the  Ottawa  valley  it  has  been  proved 
that  the  deeper  the  veins  are  followed  the  better  and  purer  the  mineral  becomes. 
At  the  Foxttm  mine,  near  >ydenham,  at  a  depth  of  115  feet  the  vein  is  from  8  to  15 
feet  wide  and  improves  as  it  goes  down.  Last  year  it  is  estimated  23,69.»  tons  of  ph^lhi^ 
phosphate  were  mined  and  shipped  from  Canada — from  the  Ottawa  district  18,955 
tons,  anl  4,735  tons  from  the  Ontario  district.  The  amount  from  the  Ottawa 
district  I  got  from  the  way-bills.  The  exports  are  however  less  than  last  year  on 
account  of  difficult  ies  in  sending  down  the  mineral  on  the  Lievre  river  and  the 
un*  IS  I  tally  high  ocean  freights.  Large  quantities  are  held  over  till  next  season. 
There  is  some  talk  of  establishing  fertiliser  works  here.  The  jjreat  difficulty  has  JJJSSw^"  ^ 
been  to  procure  sulphuric  acid  ;  now,  however,  tests  have  been  made  at  Capelton 
by  G.  H  NicoUs  &  Co.,  a  *d  it  is  believed  the  experiments  have  been  successful. 
The  demami  for  our  phosphate  in  the  United  States  is  increasing.  Taking  the  un?u3*8UtM! 
figuroH  as  given  by  the  American  consul  f<T  this  district,  1  find  that  in  1884  our 
«ale8  to  that  country  were  nil ;  in  1886,  $775  ;  in  1H86,  $1,106  ;  in  1H87,  $5,467  ; 
in  18HH,  $12,000.  That  was  all  second  class  ground  phosphate.  I  believe  if  the 
figures  were  obtaine<l  from  the  Perth  and  Kingston  districts  these  figures  would  be 
▼ery  much  increased.     Those  I  have  given  are  for  the  Ottawa  district  alone.     The 
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freights  from  Kingston  are  of  course  very  much  less  than  from  here,  and  very  much 
less  than  phosphate  can  be  shipped  from  Carolina  to  Buffitio,  Chicago  and  other 
lake  points.  Our  phosphates  are  about  30  per  cent,  higher  than  the  Carolina  phos- 
phate, too. 

William  A.  Allan — I  have  been  interested  in  mining  matters  for  about  thirteen 
years,  mainly  in  connection  with  phosphate  and  mica.     During  that  time  the  only 
phosphate  property  I  have  developed  in  Ontario  was  the  Pixley  mine  in  the  town- 
ship of  Burgess,  but  in  Quebec  I  have  developed  several  mines.     In  the  township 
of  Templeton,   Que.,    phosphate  occurs  in  a  coarse  crystalline  limestone    and 
pyroxene.     I  don't  think  the  phosphate  in  a  limestone  formation  goes  to  a  great 
depth,  at  least  that  is  my  experience.     There  have,  however,  been  exceptions  to 
that  rule  ;  at  the  Blackburn  deposit  tbey  have  gone  down  80  or  90  feet,  and  there 
is  a  large  showing,  but  that  is  exceptional.    We  look  for  phosphate  in  the  pyroxene 
masses,  as  it  is  the  most  common  associate  of  the  apatite  deposits.     In  the  town- 
ships  of  Buckingham  and  Portland  the  phosphate  occurs  altogether  in  the  pyroxene 
rock,  with  occasionally  hornblende,   calcspar,  scapolite  and  little  dykes  of  g    ) 
The  dyke  is  not  more  than  from  thr<  e  to  six  inches  wide,  and  on  both  sides  of  it 
we  find  phosphate,  in  Wakefield  a  great  deal  of  the  phosphate  is  red  ;  in  Templet  n 
there    is  red    and    green ;  in    other    places    it    is    mostly     green.      I  have  not 
seen    any    variation    in    color    caused    by    veins    running    in     difiTerent    direc- 
tions.       Some    of    the    phosphate    veins    are    very    pure  ;     in     others     there 
is    a    considerable     quantity     of     black     mica.        Pyroxene     veins     occur     in 
iuterlarainated  bedded  masses,  and  in  what  is  called  bastard  granite  ;  it  is  not  a» 
hard  as  granite,  it  is  a  rock  one  can  cut  with  a  knife.     Phosphate-bearing  pyroxene 
occurs  principally  in  bands,  which  are  sometimes,  dioritic.     As  a  rule  the  bands  are 
seldom  more  than  twenty  or  thirty  leet  wide,  except  in  places.     The  pyroxene  is  of 
different  colors  ;  in  some  instances  it  is  very  dark,  at   other  times  it  is  of  a  much 
lighter  shade,  and  in  some  instances  it  very  much  resembles  the  apatite  itself.     A 
Mr.  Garrett  sotue  years  ago  mined  more  than  (500  tons  of  pyroxene,  thinking  it  waa 
apatite.     I  have  not  examined  the  phosphate  district  of  Ontario  to  any  extent.     I 
operated  in  the  Perth  district,  in  Loughborough  and  Burgess,  for  a  couple  of  years, 
but  found  I  could  not  work  with  a  profit  as  the  deposits   were  too  shallow  and 
small  ;  they  were   principally  associated  with  limestone  and  did  not  hold  out.     I 
bought  the  Pixley  property  in  that  district,  and  took  out  about  200  ton«,  and  then 
sold  it.     One  of  my  best  men  made  for  me  a  report  of  a  property  in  the  Sharbot 
lake  district,  and  it  was  not  favorable.       I  have  had  men  exploring  all  through  the 
TheSharbotUke  Kingston  and  Perth  districts,  and  they  never  discovered  anything  that  I  would 
consider  equal  to  the  deposits  in  the  Buckingham  district ;  it  is  apt  to  be  more 
pockety  there.     The  Ontario  phosphates  do  not  often  go  over  80  per  cent.,  and  the 
average  would  be  about  76  per  cent. ;  they  range  from  60  to  80  per  cent.  If  shipped 
clean  and  carefully  separated  it  would  go  from  76  to  80  per  cent. ,  and  some  might 
go  as  high  as  82  and  85  per  cent.     The  highest  shipment  from  the  Little  Rapida 
mine  was  174  tons,  85.60  per  cent.;  that  was  the  highest  from  Canada,  and  waa 
equal  to  $19.  HO  a  ton  in  Montreal  at  last  season's  price.     A  shipment  of  172  tons 
went  84.84  per  cent. ;  that  was  equal  to  $18.80  in  Montreal.     The  best  market  for 
high  grade  ore  is  Hamburg,  bu  twe  have  to  guarantee  80  per  cent.     We  shipped 
some  of  the  first  quality  to  London  and  Liverpool,  and  I  think  the  net  results  were 
about  the  same,  as  we  get  much  lower  freight  rates  to  Liverpool  than  to  Hamburg. 
The  output  from  the  mines  is  increasing  every  year  a  little,  but  not  very  much.  At 
Buckingham  they  grind  some  of  the  60  per  cent,  phosphate,  and  it  is  shipped  in 
bags  and  sold  in  Chicago.     It  is  a  mere  experiment,  and  I  don't  know  what  they 
get  for  it.     The  freight  from  Montreal  to  Liverpool  averages  from  2s.  6d.  to  ICs., 
and  to  Hamburg  l*2s.  6d.  to  15s.  The  commission  charges  are  not  very  heavy »  from 
60  to  75  cents  a  ton  will  cover  all  charges   The  commission  for  selling  it  }n  London 
is  2^   per  cent.,  the   weighing  costs   Is.    a  ton,  examining  10s.  6d.  a  shipment, 
analysis  (of  which  the  seller  pays  half  and  the  buyer  half)  from  £2  to  £3.     There 
are  some  other  charges,  but  taken  roughly  after  it  leaves  Montreal  2s.  6d.  a  ton 
will  pay  all  other  expenses  above  freight.     I  think  most  of  the  ore  is  shipped  at  an 
average  freight  of  about  5s.  *  r  6s.  per  ton.     The  advance  in  ocean  freight  rates 
generally  occurs  late  in  the  season,  when  grain  beffins  to  move.    Taking  all  charges, 
it  amounts  to  about  $4  from  the  mine,  and  that  leaves  a  fair  profit  for  the  miner. 
In  Buckingham  wages  are  about  the  same  as  in  Ontario-     Ordinary  miners  get 
from  f  20  to  $25  a  month  and  board.     We  give  good  steam  drillers  $1.50  a  day  and 
board  ;  good  ordinary  hand  drillers  $1. 10  and  board  ;  ordinary  miners  ani  laborers, 
$18,  $20  and  $il  a  month  and  board.    Machinery  is  very  extensively  used.     At 
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^^ttle  lUpids  the  yein  will  average  from  the  top  to  the  bottom  five  to  six  feet.      ^^  «»    ^i      ^ 

^inches  and  widens  again,  but  it  is  continuous  throughout.     The  greatest  depth  we  Qu«b«e  bIm. 

*^^ve  reached  is  210  feet.     At  the  North  Star  mine  they  have  sunk  to  a  depth  of 

^'idO  feet,  but  I  cannot  tell  you  the  width  of  the  vein  there.     It  has  been  traced  on 

^he  surface  for  half  or  three-quarters  of  a  mile,  and  outcroppings  appear  here  and 

^ilxere. 

Robert  J,  BrodU — The  Standard  Fertiliser  and  Chemical  company  of  which  I 
%in  president  was  organised  a  little  over  three  years  ago.     The  capital  is  $50,000  ^  . 

and  half  is  paid  up  ;  it  is  all  Canadian  capital.      I  started  the  work  originally  my-  superphotphat* 
•elf  about  nine  years  ago.     The  most  expensive  part  of  our  plant  is  tlie  sulphuric  works. 
acid  chambers.     We  have   machinery  for  grinding  and  mixing  ;  we  have  diying 
kilns,  sifting  machinery  and  vats — all  the  machinery  that  is  requisite.     We  make 
our  own  sulphuric  acid  from  brimstone,  most  of  which  comes  from  Sicily,  but  we 
CKxaMionally  get  some  from  Japan.     It  used  to  come  over  from  Japan  as  ballast, 
but  of  late  the  Canadian  Pacific  railway  has  taken  a  gOi>d  deal  of  the  trade  of  that 
Oouutry  and  very  little  comes  that  way  now.     It  is  as  good  as  i)y rites,  and  as  far  as 
I  CAn  make  out  it  is  more  economical.     The  brimstone  costs  us  about  one  ceut  per 
p«jund  at  the  works,  and  perhaps  a  little  more  sometimes ;  we  buy  bv  the  long  ton  and 
pay  923  a  t'  >n.  To  manufacture  the  superphosphate  we  grind  the  apatite  very  tine,  from  procew  of 
oOto  120 mesh.    It  is  ground  with  buhrrstones  and  then  we  air-fi-  >at  it.  It  is  let  fall  past  manufacture. 
the  suction  chamber  where  it  is  drawn  in,  the  coarse  stuif  falling  down  and  being 
put  through  the  mill  again.     We  can  regulate  the  power  of  the  suction  an.l  so  get 
*  *y  required  fineness.     After  it  is  ground  we  measure  the  charge  for  the  mixer  ;  we 
measure  also  the  exact  quantity  of  acid  and  run  the  two  in  tlie  mixer.     After  it  is 
znixed  we  run  it  into  an  air  tijht  bin  which  is  supplied  with  a  wooden  funnel  to 
•uck  up  the  hydrofluoric  acid  gas.     This  gas  is  very  dangerous,  and  the  want  of  a 
funnel  caused  loss  of  life  in  Chicago  recently.     When  it  comes  into  the  bin  it  is 
^bout  tho  consistency  of  ix>rridge,  but  inside  ot  twenty-four  hours  it  is  dry  and  hard. 
Xt  is  broken  up  then  and  i-i  reiuly  for  the  market.    That  makes  the  superphosphate. 
1o  make  different  kinds  of  fertilisers  we  mix  it  with  ammonia,  potash,  etc.     We 
snake  five  grades,  tho  Fruit-tree  fertiliser,  the  Peach-tree  fertiliser,  No.  I,  Standard, 
^Lnd  Special,  besides  which  we  sell  a  little  of  the  raw  phosphate.     The  (quantity  we 
zusnufacture  varies  ;  last  year  we  made  about  300  tons  ;  before  that  it  was  a  little  j^^  incremainr 
l^SB.     The  demand  is  increasing,  and  I  have  no  doubt  we  could  sell  a  thousand  tons  demand  for 
&4  we  could  make  it.     We  generally  have  more  than  the  farmers  want  in  tho  fall,  fertiiisen. 
'bat  this  year  we  had  not  one-tenth  of  what  they  wanted.     I  think  this  vear  we  will 
ke  about  600  tons.     We  buy  our  stock  and  have  to  pay  cash  for  it.     Farmers 
.ro  recognising  the  merits  of  it,  and  last  year  we  sold  it  to  old  customers  without 
to  advertise  at  all ;  they  sent  in  their  orders  almost  without  solicitation.    Wo 
quite  a  lot  to  fruit  growers  in  the  Niagara  district.     We  sell  quite  a  lot  to 
xiuarket  gardeners,   too.     The   principal  district  where  farmers  take  it  is  in  the 
IKsstem  Townships,  Quebec.     The  reason  of  that  is  because  we  worked  it  up  there 
MaaoTB  than  anywhere  else.     We  have  never  tried  to  sell  it  amongst  the  farmers  in 
western  part  of  Ontario  at  all ;  we  have  never  had  enough  made.     Experiments 
,Te  been  made  with  the  raw  phosphate  ;  I  supplied  quite  a  lot  of  the  finest  ground 
[>  fanners,  but  thev  said  they  could  not  see  any  difference  on  account  of  u!>ing  it.  They  Kaw  apatite. 
id  not  actually  weigh  the  grain,  but  they  could  not  see  any  difierence ;  while  using  the 
Superphosphates  they  could  see  the  difference.    As  far  as  I  know  no  goinl  has  resulted 
^lom  the  use  of  the  ground  apatite.     I  have  never  yet  sold  a  bag  of  raw  a  second 
'fcime  to  the  same  num.     We  went  to  a  good  deiil  of  expense  to  get  farmers  to  try  it ; 
^^re  sent  out  fully  $100  worth  of  the  raw  ground.     The  only  condition  was  that  they 
SAhonld  report  to  us  the  result.     We  got  them  t>  sign  an  agreement  that  they  would 
X^  us  know  the  result,  but  only  a  few  did  do  so,  and  the  result  so  far  as  ascertained 
"^vas  as  I  have  stated.     The  reason  more  fertilisers  have  ii«'t  been  used  is  on  account 
<3f  the  agricultural  depression.     If  times  improved  more  of  our  fertilisers  would  be 
'Cased,  judging  from  the  increase  in  tho  demand  this  full  owing  t^  the  higher  price  of 
"Wheat.     Our  prices  are,    Sui>erphospha'e  8^0   a   ton,    No.  1  832,    Standard  $35, 
Special  $40,  Fruit-tree  840.     About  seven  eighths  of  our  whole  output  is  Special 
«nd  Staudard  ;  it  sells  for  835  and  840  and  gives  the  best  results.     We  sell  very 
little  superphosphate  alone  ;  we  sold  a  couple  of  car  loads  for  sugar  beets.     Our 
output  last  year  in  value  was  of  fertilisers  about  810,000  and   of  acid  ph(»sphate 
17,000,  making  a  total  of  817,000.     We  make  acid  phosphate  from  the  purest  green  ^^.^  phosphat*. 
phosphate.       We  select  it  very  carefully   by  hand  and    make  it  into  superphos- 
phate ;  then  we  leach  off  the  soluble  acid  phosphate  from  the  superphosphate  which 
gives  the  liquid  acid  phosphate.     To  make  the  dry  acid  we  concentrate  it  in  enamel 
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kettles.  When  it  is  evaporated  down  to  a  syrupy  or  pasty  mass  we  mix  it  wwitih 
starch  ;  then  we  dry  and  grind  it ;  that  is  the  whole  process.  It  is  used  as  ^ 
substitute  for  cream  of  taitar  We  make  about  250  lb.  a  day.  We  will  avera^^ 
that  t  roughout  this  year.  Our  market  is  in  Canada.  The  acid  phosphate  that  i^^ 
supplied  at  m  dollar  a  bott  e  could  be  supplied  with  a  large  profit  at  7  cents  a  bottl^' 
We  cou  d  sell  Acid  phosphate  by  the  pound  at  7  cents  m  iking  it  with  terra  alba,  hu^ 
the  best  grade  should  be  10  or  12  cents  ;  our  best  gra«te  is  12  cents.  I  am  ^ 
Superphosphate  gra  luate  of  the  Magill  College  of  8c  ence  and  do  my  own  analysing.  Every  Januai^T^ 
M  A  fertili«er.  ^^  ^^^^j  sauipLs  to  the  chief  analysist  of  the  internal  Revenue  at  Ottawa,  and  you 
will  tiud  that  our  produce  h  «8  been  up  to  sample  in  every  instance.  We  make  sul- 
phate of  lime  and  sulphate  of  soda  ;  it  is  used  in  the  glass  works  at  Montreal.  We 
do  not  make  ni  ric  acid  for  sale  ;  we  use  it  for  makmg  sulphuric  acid.  Fannen 
say  that  250  or  30 )  lb.  of  our  iertiiisers  will  have  the  same  effect  as  I'O  or  25  d«iuble 
loads  of  well  rotted  manure,  and  they  claim  that  the  effecta  are  seen  for  two  or  three 
yeai-s.  We  recommend  350  or  4(H)  lb.  to  the  acre,  and  market  gardeners  put  on 
from  ^-OO  to  1.000  lb.  For  spring  crops  it  is  better  to  put  it  on  in  the  spring  It 
is  better  suited  for  clay  and  loam  soils  ;  in  some  lime  soils  it  does  veiy  well,  but 
then  it  is  i\\iitii  |>o8sible  that  it  is  the  potash  and  Hmm(mia  that  are  doing  the  good. 
When  mixed  with  the  sulphuric  ncid  the  phosphate  gives  up  two  of  lime  but  won't 
give  up  the  third,  and  it  is  claimed  by  some  that  when  it  is  put  on  lime  soil  it  will 
Eftv  materials,  take  up  two  of  lime  out  of  the  soil  and  .^o  back  into  the  original  form.  The 
ammonia  in  a  ton  of  Special  costs  us  811.  We  imi>ort  the  potash  from  Germany  ; 
we  also  imp  rt  some  animtmiA  and  get  some  here.  The  apatite  we  get  sometimes 
between  here  and  Kingston*  sometimes  from  lake  Pelican  in  Burgess,  and  B(*me- 
times  from  buckiughaui.  The  apatite  of  this  region  is  about  the  same  as  that 
from  Bucking! lam.  I  got  some  small  lots  from  this  section  that  I  thought  purer 
than  any  1  }^ut  below  ;  it  seemed  to  be  very  dense.  It  would  not  pay  us  to  make 
acid  fro  n  pure  pyrites  at  SlO  a  ton.  It  would  require  more  chamber  apace,  and 
the  chamber  would  not  last  as  long,  not  more  than  half  as  long,  as  using  brimstone. 
It  would  also  cost  more  to  attend  to  it,  but  now  a  boy  looks  after  ours  at  60  cents 
a  day.  If  we  were  burning  pyrites  we  would  require  the  service  of  a  man  to 
see  that  it  was  burning  pro|>erIy.  1  do  not  know  what  it  would  cost  now  to  buy 
the  sulphuric  acid.  Some  thiee  years  ago  we  bought  S(»me  at  Brockviile  and  it  cost 
uh  about  two  c*)nts  a  pound.  Now  ic  costs  un  to  manufacture  it  about  70  cents  per 
100  Jb.  ;  that  is  the  e(]uivalent  of  the  concentrated  acid,  but  we  do  not  concentrate. 
If  we  btiught  it.  it  would  cost  us  about  $2,  whereas  we  make  it  now  for  70  oenta. 
We  use  some  6'*  per  cent,  phosphate  ;  that  costs  us  about  $8  at  the  mine,  and  the 
freight  is  about  4l,  making  with  the  cartage  about  99.30  at  the  works.  We  will 
.not  take  anyi  him;  under  that.  We  have  to  get  a  gnule  that  will  make  a  certain 
percentage  of  soluble,  and  if  it  goes  under  G5  per  cent,  it  will  not  answer;  if  we  get 
a  stronger  grade  of  phosphate  we  have  to  fill  in.  The  high  grade,  that  is  84  per 
cent.,  costs  $17.50 at  the  fic  ory.  The  ammonia  we  use  costs  $60  a  ton.  Ground 
leather  and  wool  wast )  which  will  give  the  siime  analysis,  can  be  had  for  95  a  ton, 
but  they  are  of  no  use  for  plant:^.  The  law  does  not  recognise  that  at  all.  We 
could  use  that  materi  il  and  save  some  $'>3  or  855  a  ton  and  the  chief  analysiat 
could  not  find  fault.  I  think  an  affidavit  should  be  required,  stating  in  what  form 
the  ammonia  was.     As  the  law  now  stands  great  frauds  are  possible. 

Sir  James  Grant — I  look  upon  the  phosphate  industry  as  one  of  great  import- 
Importance  ance,  and  one  which  is  but  in  its  infancy  yet.  Rrccent  investigation  has  thown  that 
£d^  * P****P****®  finely  ground  phosphate  of  lime  sprinkled  upon  the  gnmnd  is  extremely  fertilising, 
thoui^h  not  so  immediate  in  its  effects  as  superphosphate.  One  compiny  contem- 
plates using  the  Bulphur  from  the  Sudbury  district  to  manufacture  sulphuric  acid, 
and  to  estjiblish  bir^e  works  at  Buckingham  for  the  treatment  of  phosphate,  with 
the  idea  of  shippins;  it  in  its  manufactured  state  as  superphosphate  to  England. 
1  here  is  no  reason  why  it  should  not  be  chemically  treated  in  this  country.  At  pres- 
ent they  are  grinding  up  the  sec(md  and  third  quality  apatite  at  Buckingham  and 
ship|>in;4  it  to  hic;vgo,  where  it  is  mixed  with  the  refuse  from  the  slaughter  yards 
a-  d  manufactured  nito  some  kind  of  manure.  I  think  the  United  States  will  be 
the  best  market  in  the  future.  The  phonpha^es  of  Carolina  are  of  very  low  grade 
compared  with  >ur8,  being  only  from  25  to  50  per  cent. 

Trada.  Byron  S.  Walker — We  have  pyrites  from  which  sulphur  c  acid  might  be  made 

to  treat  our  phosphates.     A  large  b  isinoss  might  be   Duilt  up  with  the  southern 
states  in  phosphates  and  superphosphates,  if  the  freights  will  allow  of  it. 
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PLATINUM. 

Though  platinum  has  not  yet  been^found  in  any  workable  amount,  a 
notable  quantity  of  a  hitherto  unknown  compound  of  this  and  other  metals  A  putinum 

,  ,  ...        compound. 

of  the  same  group  with  arsenic  has  recently  been  produced  at  Vermilion  mine 

in  the  township  of  Denison.      The  compound  is  a  heavy  white  metal  of  a 

composition  as  given  by  Prof.  H.  L.  Wells,  of  Yale — 

Arsenic 40.98  per  cent. 

Antimony 50    "  " 

Platinun     52.67    "  " 

Rhodium 72    "  " 

Paladium trace. 

Iron .07    **  " 

Oxideoftin 4.02    "  ** 

Total 1H).46. 

The  formula  PtAso  has  been  given  to  this  mineral,  as  it  is  amorphous  with 
FeSj,  and  the  name  of  spenylitw  (after  Mr.  Sperry,  the  chemist  of  the  Cana-  SperryUu. 
dian  Oopi)er  company)  has  been  given  to  it.  We  tested  some  of  this  mineral 
with  a  blow-pipe  in  August,  during  our  visit  to  the  Vermilion  mine,  and  found  it 
readily  fusible,  giving  ofi  no  fumes  and  leaving  a  white  bead,  slightly  yellowish, 
which  was  quite  brittle  when  hammered.  The  sperry  lite  is  obtained,  together 
with  gold,  from  the  decomposed  gossany  matter  lying  about  the  diorite 
mound  from  which  the  copper  ore  is  taken  at  shaft  No.  1  of  the  Vermilion 
mine.  This  gossan  is  run  through  the  prospecting  stamp  mill  for  the  gold  it 
contains,  and  the  sperrylite  is  caught  on  carpets. 

PLUMBAGO. 

A  deposit  of  plumbago  has  been  discovered  in  the  township  of  North 
Elmsley,  in  the  qounty  of  Lanark,  to  which  reference  is  made  in  the  evidence.  ^orthEimsiej. 
The  process  of  treatment  of  the  ore  is  given  by  Mr.  Vennor  in  the  Geological 
Survey  report,  1872-73,  page  178. 

W.  L.  Aforrw— Plumbago  occurs  at  Oliver's  ferry  in  massive  rock,  about  40  per 
cent,  plumbafiro  and  €0  per  cent,  quartz.     Mr.  Eaton  of  Charlotte  worked  it  and 
made  three  grades — pencil  and  two  cuarsor  grades.     I  believe  the  reason  h*-  stopped 
was  because  he  was  paid  not  to  work  it.     He  told  me  himself   that  the  first  six 
months  paid  him  all  the  cost  of  the  machinery  and  a  profit  besides.     There  is  any  ^  piumbaco 
quantity  of  ore  to  be  seen  there  now.     It  is  in  North  Elmsley  and  is  known  as  the  mine  In  North 
King  lot.     The  deposit  is  lenticular  and  extends  over  tive  or  six  adjoining  lots,  but  *'*"•  ®^* 
not  in  such  large  masses.     Mr.  Eaton  had  a  battery  of  10  stamps  and  stamped  it. 
The  waste  was  sold  to  manufacture  stove  polish      The  property  is  close  to  naviga- 
tion, within  one  mile  of  steamboat  navigation   and  six  miles  of  the  railway.     Mr.  ^  vein  in  Bed- 
EUton    told  me   his  prices   were   6,    9,    15   and   20   cents  per   pound   wholesale.  '"«"*!. 
In  Bedford  there  are  numerous  veins,  one  in  particular  that  will  average  j-ix  feet  and 
which  appears  to  be  soliil  plumba*:o  ;  but  a  drop  of  acid  on  it  will  show  lime  al 
through,  and  this  renders  it  less  valuable.     A  shaft  has  been  sunk  there  about  100 
feet.     The  deposit  at  Oliver's  ferry  contains  no  lime. 

R.  Sherrett — The  deposit  of  plumbago  at  Oliver's  ferry  is  the  largest  one  in  the  xhe  deposit  at 
Perth  district,  but  I  never  took  much  notice  of  it.     There  seems  to  be  almost  any  Oliver's  ferry, 
quantity  of  it  there.     The  whoe  rock  is  dark  and  bbick  lookim^  and   one  can  see 
graphite  all  through  it  ;  36   per  cent,  graphite  is  the  best  assay  I  secured  in  this 
district.     I  have  seen  samples  from  Batfiur>*t,  but  the  outcrops  there  seem  to  be 
more  extensive  then  they  really  are  when  opened  up. 

SALT. 

The  Brea  in  which  salt  is  reported  to  be  found  in  Ontario  may  be  said  to  ^^ 

^  •'  The  talt  aree  la 

be  south  of  a  line  drawn  in  the  vicinity  of  Kincardine,  Wingham  and  Brussels,  Onurio. 
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and  west  of  one  drawn  south  from  Brussels  to  Seaforth.  The  salt  bed  or  beds 
run  south  and  west  into  Ohio  and  Michigan,  and  developments  in  Ontario 
have  chiefly  taken  place  on  the  nortfi-east  edge  of  the  beds,  except  where  it  is 
drilled  into  at  Courtright,  on  the  St.  Clair  river.  In  the  borings  which  have 
been  made  one  or  more  beds  are  met  with  at  a  distance  of  about  1,000  fe^-t 
from  the  surface,  varying  in  thickness  from  20  to  100  feet.  The  quantity  is 
practically  unlimited  and  the  quality  is  excellent. 

PROOBSSES     OP     PRODUOTION. 

After  dissolving  out  the  bed  of  salt  for  some  time,  it  is  found  that  a  cavity 
PiBsoiving  the  {s  formed  into  which  the  upper  layers  of  rock  sometimes  fall,  jamming  the  pump 
tube  and  taking  down  portions  of  the  gypsum  which  occurs  in  the  super- 
imposf'd  strata.  This  gypsum  gets  dissolved  and  bothers  the  manufacturers, 
both  by  forming  a  coating  on  the  evaporating  pan  and  getting  into  the  manu- 
factured salt,  therf^by  to  some  degree  impairing  its  quality.  In  the  inland 
places  the  water  from  the  upper  strata  follows  the  drill  or  pump  tube  and 
gives  a  sufficient  supply  to  dissolve  the  salt  rock  and  keep  the  pump  supplied 
with  brine.  It  appears  from  the  evidence  that  this  water  dissolves  a  certain 
amount  of  $;ypsum  in  its  passage  through  the  strata  containing  it,  an  objection 
which,  it  is  claimed,  is  overcome  at  the  wells  on  the  St.  Clair  river  by  forcing 
river  water  down  the  salt  in  a  casing  outside  the  pump  tube.  Even  by  the 
latter  process,  however,  they  are  not  free  from  the  inconvenience  of  gypsum, 
,     ^   ^  and  on  the  Amercian  side  a  process  patented   bv  Alburger  &  Wilson,  of 

A  patent  process  r  r  »  o  ^         ^ 

to  eliminate       Buffalo,  is  in  use  by  which  the  trypsum  is  extracted  before  the  brine  is  run 

Spsuin  from  ''  °''  ^  ^  i   i       •  i 

e  brine.  into  the  evaporating  pan.     This  is  done  by  forcing  the  brine  through  horizontal 

tubes  in  a  heater  raised  by  steam  to  280^  ;  thence  it  flows  up  through  a  cyl- 
inder three  feet  in  diameter  filled  with  large  pebbles.  The  gypsum  is  deposited 
from  the  superheated  solution  in  the  tubes  of  the  heater  and  around  the  peb- 
bles, and  as  no  evaporation  takes  place  no  deposit  of  salt  can  occur.  The 
tubes  of  this  heater  are  bored  out  once  in  two  weeks  and  the  gypsum  encrusted 
pebbles  are  replaced  at  intervals  with  a  new  supply.  After  passing  through 
the  stone  chamber  the  brine  is  raised  to  a  higher  degree  of  heat  and  run  into 
an  evaporating  pan  or  '*  grainer,''  as  it  is  here  called,  where  the  process  of 
deposition  is  carried  on.  Revolving  arms,  to  which  trailing  pieces  of  wood  or 
leather  are  attached,  are  in  constant  motion  in  the  evaporator,  and  these  trail- 
ing pieces,  striking  the  crystals  of  salt  as  they  form  on  the  surface  of  the  brine, 
throw  them  to  the  bottom.  By  this  simple  expedient  very  fine  crystals  of  salt 
are  formed  continuously  and  no  grinding  is  necessary,  although  it  is  bolted 
after  being  dried. 

The  ordinary  process  in  the  production  of  salt  No.  2  is  carried  on  both 
Ordinary  i^  Ontario  and  Michigan  as  follows  :     A  hole  about  41  inches  in  diameter  is 

procerfof  °  ^ 

production.  bored  down  until  the  first  or  second  salt  bed  is  struck,  in  which  a  tube  of  3-inch. 
inside  diameter  is  inserted  for  the  pump.  The  cost  of  drilling  is  now  about 
$1,500  for  holes  from  1,000  to  1,120  feet  deep,  the  figure  in  one  case  being 
$1.05  a  foot,  machinery  and  fuel,  but  not  tools,  supplied.  As  a  rule  the  driller 
supplies  everything,  including  the  casing  to  the  rock.  From  1866  to  1868  the 
cost  of  putting  down  a  well  ranged  from  $3,000  to  $5,000,  but  with  improve- 
ments in  the  process  and  with  experienced  workmen  the  cost  is  now  reduced 


Boring  the  welL 
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^y  about  50  per  cent.  Where  the  lake  or  river  water  is  forced  down  through 
^*i  ootmde  tube  and  the  brine  comes  up  from  the  inside  one,  as  at  Courtright, 
the  outside  pipe  is  4  to  4}  inches  and  the  inside  2  inches  in  diameter,  inside 
measurement. 

In  the  ordinary  mode  of  raising  the  brine  it  is  lifted  up  by  a  pump  making 

A>x>ut  30  strokes  per  minute,  lifting  some  18,000  gallons  a  day  of  ten  hours.  Pamptngth* 

For  this  purpose  an  engine  of  20  horse-power  and  a  boiler  of  25  horse-power  are 

g«^nerally  used.    The  brine  in  the  Ontario  wells  is  usually  100^  (one-Hfth  salt), 

the  maximum  of  saturation.  The  tube  reaches  to  the  salt  bed.  Where  not  forced 

<lown  the  water  is  struck  in  a  stratum  of  broken  limestone  at  about  500 

feet,  and  either  rises  to  the  surface  or  nearly  so.     The  pump  consequently 

baa  not  much  lifting  to  do.     The  pressure  of  the  water  running  down  the  side 

<3fi  the  pipe  to  the  salt  forces  the  saturated  water  up  the  pipe  to  its  own  level, 

leas  its  greater  specific  gravity  as  brine.     It  is  estimated  that  this  pressure 

is  about  500  pounds  per  square  foot  at  the  bottom  of  the  tube.     The  plunger 

of  the  pump  as  a  rule  is  put  down  only  about  500  or  600  feet,  but  the  tube 

to  the  salt  bed.    The  amount  of  brine  pumped  is  generally  double  the 

"aporating  capacity  of  the  pans,  so  that  no  pumping  need  be  carried  on  at 

ni|;ht 

The  brine  is  pumped  into  large  vats  or  tanks,  whence  it  can  be  directed 

•it  will  into  the  pans.     The  size  of  the  average  pan  is  about  100  feet  lonj(  by  J|Jj^«^i»'»**»f 

26  feet  wide,  and  will  produce  about  100  barrels  of  salt  a  day ;  but  at  Kin- 

<»7«rdine  there  are  pans  191  by  32  feet  and  140  by  25  feet,  which  will  produce 

from  300  to  400  barrels  a  day.     The  pans  are  deepest  at  the  fire  end,  the 

l&xge  ones  being  one  foot  deep  there  and  six  inches  deep  at  the  farther  end  ; 

'tlie  smaller  pans  hold  an  average  of  three  or  four  inches,  but  the  amount  of 

•alt  produced  by  any  pan  of  course  varies  according  to  the  amount  and  quality 

of  fuel  used.     The  pan  has  to  be  cleaned  from  gypsum  scales  usually  every 

two  weeks  ;  otherwise  there  would  be  a  great  waste  of  fuel. 

At  the  fire  end  of  the  evaporator  the  salt  is  deposited  most  rapidly,  owing 
to  the  brine  being  heated  to  a  greater  degree  in  that  quarter,  and  the  salt . 
Qui  be  continually  raked  back  for  a  distance  of  some  twenty-four  feet.     At  fMturingthe 

sftlt  from  brine, 

uU8  part  of  the  pan  the  crystals  are  very  fine,  and  are  raked  out  about 
^t  times  a  day.    For  another  twenty-four  feet  or  so  farther  on  the  crystals 
^  somewhat  coarser,  and  the  salt  is  raked  alK)ut  four  times  a  day.     At 
the  end  of  the  pan  farthest  from  the  furnace  the  crystallisation  is  so  slow  that 
^e  raking  is  done  only  about  twice  a  day,  and  the  salt  is  of  the  largest  crystals. 
At  some  of  the  works  this  coarsest  salt  is  run  through  a  cylindrical  dryer  and 
then  ground  and  put  up  in  neat  sacks  for  table  and  dairy  purposes,  and  thus 
P^opared  it  is  considered  the  finest  salt.     The  ledge  upon  which  the  deposit 
ii  raked  slopes  towards  the  pans,  into  which  any  brine  taken  out  drips  back 
*S^,  and  the  salt  is  soon  dry  enough  for  handling.     When  dry  it  is  thrown 
ifito  compartments  which  are  divided  off  according  to  the  various  grades  of 
^t,and  usually  for  convenience  in  that  portion  of  the  building  immediately 
<Ai  eAch  side  of  the  pan,  and  extending  to  the  ground  floor.     Beyond  this  a 
iide  wing  is  built  as  a  passage-way,  etc.,  and  here  also  the  barrels  and  sacks 
ire  filled.     A  barrel  of  salt  weighs  280  pounds,  and  at  the  time  of  the  visit 
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of  the  Commissioners  the  ruling  price  was  about  54c.     It  was  96c.  to  I 
under  the  Association. 

LOGS  OF  BORINGS. 

A  valuable  report  on  the  geology  and  chemistry  of  the  salt   dep 

Btfporti  OB  Mat.  ^^  ^^  Goderich  region  and  a  discussion  of  the  best  modes  of  manufactui 

salt  was  written  by  Dr.  Sterry  Hunt  in  1869,  which  is  found  in  the  repor 

the  Geological  Survey  for  1866-69,  page  211.     J.  Lionel  Smith  also  wrote 

the  history  and  statistics  of  the  trade  and  manufacture  of  Canadian  s 

giving  the  logs  of  some  bore  holes,  in  the  report  of  the  Survey  for  1874- 

pp.  267-300.      The  following  logs  are  valuable  as  indicating  the  depth  of  t 

wells,  and  the  stratification  and  general  character  of  the  salt  region  of  t 

province  : 

Kincardine.— (John  Tolmie.) 
At  888  feet  from  surface  struck  the 

iHt  bed  of  salt 28  feet 

Limestone 32 

2nd  bed  of  salt 33 

Total  depth  of  well 981 

Lift  by  pump 600 

At  Port  Elgin  and  Southampton  drilled  and  got  no  salt. 

Ci  KAY  &  Scott's  well. — (J.  Lionel  Smith). 

Common  sand 7  f©et 

Yellow  clay 8 

Water  gravel 10 

Quicksand 64 

Alternate  layers  of  sandstone  and  limestone 28 

Limestone 179 

Very  fine  grained  white  freestone 29 

Dark  colored  limestone 276 

Redshale 14 

Blue  shale ...116 

Very  hard  blue  limestone 164 

Very  hard  cherty  rock 5 

Rock  salt 12 

Alternate  layers  of  blue  shale  and  clay,  mixed  with  salt 36 

Hard  and  pure  rock  salt 60 

ToUl  depth  of  well 1007  feet 

Intkbnational  wkll.--(J.  Lionel  Smith.) 

Blue  clay  with  a  few  limestone  boulders 100  feet 

Limestone  boulders  and  gravel 40 

Alternate  beds  of  sandstone  and  limestone    510 

Hard  flinty  limestone 300 

Blue  shale  with  streaks  of  red  shale 84 

Gypsum 6 

Brown  limestone,  soft 14 

Rock  salt  (No.  1) 19 

Brown  limestone,  very  hard   30 

Rock  salt  (No.  2) 24 

Blue  shale  and  blue  clay * 3^ 

Rock  salt  (No.  3) 32 

Brown  limestone,  rather  lighter  in  color  than  the  preceding 8 

Total  depth  of  well 11704  feet 

WiNGHAM. — (VVm.  M.  Gray.) 
Depth  to  the  salt 1140  feet 

Depth  of  the  salt  bed 40 

Total  depth  of  well 1180  feet 
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Bltth.— (Wm.  M.  Gr»y.) 

Depth  to  the  Mat 1110  feet 

Depth  of  the  nJt  bed ^ 

Tot*l  depth  of  the  well HW  ^ ••* 

BRU88KL8.^Roger*s  well.) 

Depth  to  the  ialt 1«»  feet 

Depth  of  the  Bait  bed 40 

Depth  into  rock  below  salt 80 

1070  feet 
CuNTON.— (John  Hansford.) 

To  bottom  of  first  bed  of  salt,  which  is  18  feet  in  thickness 1170  feet 

To  bottom  of  second  bed,  which  is  25  feet  in  thickness     1245 

Before  striking  salt  800  to  900  feet  of  limestone  was  penetrated. 

Seaforth.— (Dr.  Coleman.) 
100  feet,  loose  limestone,  (hard  and  soft  streaks.) 
At   350    '*     struck  water  which  rose  to  within  6  feet  of  the  surface. 
450    *'         "        Guelph  limestone. 
800    *'         **        rotten  stone,  (50  feet  thick.) 
830    *'         "        2  feet  of  very  hard  stone. 

880    *  *         **       bed  of  clay,  (taste  salty  and  pockets  of  white  anhydrous  material. ) 
To  1020    "      limestone. 
1028    ••      salt. 

1032    *  *      porous  rock  containing  salt. 
1132    *'      n)ck  Bait,  and  did  not  reach  bottom. 
Total  depth  bored  1132  feet,  now  down  at  1120  feet. 

The  log  of  one  of  Gray,  Young  and  Sparling's  wells  at  Seaforth  gives  a  depth  of  1050 
feet  to  salt  and  90  feet  into  the  salt.  Total  depth  of  well  1140  feet.  About  40  feet  of  loose 
nutterial  was  found  above  the  bed  of  salt  and  30  feet  of  mixed  salt  and  shale. 

Mitchell.— (Peter  McEwan.) 
At  1200  or  1400  feet  light  reddish  brown  shale  rock,  and  still  in  that  when  boring 
stopped  at  2000  feet.     The  material  was  the  same  as  in  the  Goderich  hole,  except  that  the 
liojostone  was  100  feet  thinner.    There  was  no  salt,  but  a  white  clay  resembling  pipeclay 
^bere  salt  should  be,  and  of  about  the  same  thickness. 

GoDBRiCH.— (Peter  MnEwan.) 
In  1S66,  bored  in  river  valley,  (clay  30  feet),  1000  feet  to  salt. 

In  1808,  bored  on  table  land,  (clay  120  feet),  1130  feet  to  salt.     In  the  latter  patuted 
through  30  feet  quicksand,  90  feet  blue  clay,  5  to  10  feet  of  gravel  or  hardpan. 

Attrill's  well.— (Dr.  T.  Sterry  Hunt.) 

FT.  IN. 

Clay,  gravel  and  boulders 78  9 

•  Dolomite  with  thin  limestone  layers 278  3 

Limestone  with  coral,  chert  and  l>eds  of  dolomite 27G  0 

Dolomite  with  seams  of  gypsum 243  0 

Variegated  marls,  with  beds  of  dolomite 121  0 

Rock  Halt,  first  bed 30  11 

Dolomite,  with  marls  towards  the  base 32  1 

Rock  salt,  second  bed 25  4 

Dolomite 6  10 

Rock  salt,  third  bed 34  10 

Marls,  with  dolomite  and  anhydrite 80  7 

Rock  salt,  fourth  bed 15  5 

Dolomite  and  anhydrite 7  0 

R  ck  sa't,  fifth  bed 13  6 

Marls,  MOit  with  anhydrite 135  6 

Rock  salt,  sixth  bed 6  0 

Marls,  soft,  with  dolomite  and  anhydrite 132  0 

Total  depth  of  well    1517  0 


Further  south  the  brine  is  blaclciah,  with  more  of  sulphur,  and  hu  to 
■ettled  at  150°,  when  it  U  drawn  off,  boiled  and  evaporated.  The  limesUi 
also  gebi  thinner. 

POKT  Fkahis. 

AtthUpUoe,  ftboat  40  milei  south  of  God?ricli,tbe  wall  ii  1345  faetdaap. 

BOTHWIU. 

Tha  ult  bed  u  almiUr  to  that  Kt  Qodericb,  but  deeper  ud  tbiak«r. 

Fabkhill. 
Tha  uma  ult  bed  «  at  Goderich. 

?rrit0UA. 
Similar  bed  to  tiiat  U.  Qoderich,  but  more  wit. 

COUBTRiaHI. 

StnwkwJtat 1630  feet 

First  bed  of  salt 21 

Bed  of  saltbelow.  but  ant  rauihed  here. 

UiDeral  water  vein  atruck  at 836 

Caains  i.ut  in  for 876 

Oepthofpipe 1646 

PnBOLiA.— (Lot  3,  con.  11,  Enui-klillen.) 
Surface  day  104  feat 


Hard  white  limeatone 68 

Soft       "           ■'         40 

Big  limeatona  or  oil  bearinK  rock 26 

Gre;  limeBtone,  with  aalt  water 28 

Grey  limeatone,  containing  more  or  leu  water    ■ 107 

Hard  white  limeatone  with  atrata  of  sand  varying  from  2  to  5  It . . .  600 

Oypaum •  80 

Salt 1» 

Gypoum 80 

Salt 1*0 

Total  deptb  of  boring 1635 

CoHBEB.-(Lot  7,  oon.  1,  Tabnry.) 

Surface  blue  clay 9S'~t 

Saud 2T 

Very  hard  rock  (with  iron  pyritea) M 

White  liraeatone  (bitter  water) HO 

Sand  rock,  (.how  of  oil) » 

Limestone  200 

Sandrack W 

Soft  liuiwtoiie,  »»1t  water,  (cased  into  thia  limeatone) 76 

Hard  limestone »> 

Frewtone          » 

Soft  limMtone 2T 

Hani  limealouB    -■•  '* 

Soft  limealone ** 

Hard  limeatooe ** 

Shale,  with  hard  itreake 100 

Soft  limealone 1* 

Hard  limeatone 126 

Whi'e  Uinertiine,  atroakaof  shale -  -■  ■  W 

WuiKh  limp-t..iio 10 

HaiJ  n..'k,  with  utreaki.  of  shale •  ■  •  » 

Ver>- hard  r.«k  (niUi  iron  pyrites) 3* 
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Hard  limestone 116  f  set 

Hard  limestone 40 

Limestone,  good  cutting 10 

Total  depth  of  boring 1286 

St.  Clair,  Mich. 
Totopofsalt  1636  feet 

Bedofsalt 40 

Lime  rock  and  salt,  alternate  layers 70 

At  730  to  800  feet  brine  or  mineral  water  ^^-as  found,  but  no  gait. 

MauixkCitt. 

To  top  of  salt 1676  feet 

Salt  and  rock  in  alternate  layers 110 

Dr.  Timothy  Coleman — I  was  the  first  to  discover  salt  at  Seaforth.      We  made 
8  ilt  about  Christmas,  1869,  and  before  May,  1870,  we  had  two  pans ;  a  third  <me  that 
ire  put  up  got  burned.     At  that  time  the  markt^t  wa<4  better  than  at  present.     We 
got  $1  and  $1.20  a  barrel ;   now  it  is  50  anl  55  cents,  with  the  price  of  wood  gone  S*^t*  barrel 
ap.     The  price  of  the  barrel  is  about  22  cents,  we  pay  2^  cents  for  packing,  and  it  - 
takes  about  a  cent's  worth  of  nails  to  a  barrel,  so  that  we  have  about  30  cents  for 
the  salt.     We  have  two  pans,  24  by  110  feet.     The  capacity  of  a  pan  is  about  100 
barrels  a  day.     About  two  million  sacks  of  salt  com*^  over  annually  from  England. 
I  contend  that  English  salt  should  be  excluded  ;    the  demand  then  would  keep  us  Enirlish  and 
all  ^oing.     At  present  the  total  amount  produced  in  Ontario  is  about  40  >,OiiO  Am«rlcauoon»- 
barreh.     We  could  easily  produce  the  total  amount  that  is  n«w  imported   from  P«t*tton' 
England  as  well.  We  are  driven  out  of  the  market  »o  that  the£shermen  in  the  eastern 
provinces  may  have  free  salt,  and  we  cannot  use  their  coal.     I  do  not  think  that  is 
fair  ;  we  should  have  free  co.il.   We  have  better  salt  than  the  Americans.  Our  brine 
IB  the  purest  in  the  world,  being  98  per  cent,  and  the  quantity  here  is  unlimited. 
With  free  trade  we  could  compete  with  the  Am*  ricans.  The  American  manufacturers 
Are  get  ing  60  or  70  cents  a  barrel.     The  best  remedy  at  present  would  be  to 
keep  out  the  English  salt  and  give  us  our  own  market. 

WiUiam  Orey — I  have  been  engaged  in  manufacturing  salt  for  about  seventeen 
years  in  Seaforth.   We  have  three  wells,  one  here  (Seaforth),  one  at  Wingham,  and 
oaa  at  Blyth.      The  one  here  was  bored  seventeen  years  ago.  the  one  at  Blvth  ten 
years  ago  and  the  one  at  Wingham  two  years  ago.    From  the  surface  to  the  bottom 
nere  is  about  1,140  feet;  there  was  about  40  feet  of  loose  material.  We  did  not  keep  |t]5Jrth*Bfy4h 
A  log  of  the  well,  or  samples  of  the  drilltngs.     Before  getting  into  the  salt  in  all  the  and  WinyhAin. 
wells  we  g->t  into  a  kind  of  shale  ;  there  was  about  30  feet  of  shale  and  salt  mixed. 
I  think  It  is  all  the  same  bed  of  salt.      The  mai  >  bed  is  90  feet  thr  ugh,  and  there 
Are  supposed  lo  be  beds  below  that  again,  but  we  have  not  gO'e  under  that  bed  here. 
At  Ohnton  they  are  supposed  to  have  gone  through  to  a  second  deposit.    The  main 
bed  seems  to  be  thicker  here  and  at  Blyth  than  anywhere  else.     At  first,  seventeen  Cipaoity  of  Sea- 
years  ago,  we  made  here  at  the  rate  of  25,000  bin-els  a  year  ;   the  greatest  activity  ^^^^^  ^^^^ 
was  about  1874  and  1875,  when  we  made  about  60,000  barrels  a  year  here.     Last 
year  we  made  10,000  b;irrels.  The  works  are  now  about  shut  down  but  not  for  the  want 
of  a  supply,  for  there  is  plenty  of  brine.     We  have  aband>»ned  our  well  here  on 
account  of  the  falling  off  in  quality.      1  do  not  know  what  it  is  that  is  coming  into 
t,he  brine,  but  it  increases  the  cost  of  production  very  much  ;  we  think  it  is  caused  . 
by  the  size  of  the  cavity,  and  the  distance  the  water  has  to  travel  throu^^h  other 
rocks.     Of  late  we  have  made  only  a  little  for  the  reiail  trade  here.     The  b  trr^l  of  coftof  proUuc- 
«alc  weighs  280  lb.  net.     The  cost  of  a  barrel  is  about  20  cents  ;  we  mnke  our  own.  tion. 
When  the  salt  industry  started  here  first  we  paid  32  cents  for  barrels.     If  we  had 
to  buy  them  now  they  would  be  worth  abo  t  25  cents.     When  filled    vith  salt  we 
get  from  55  to  70  cents  ;  that  has  been  the  price  for  about  three  years  I  think  ;  it  was 
-60  cents  for  a  couple  of  years  before  that.     We  make  table  salt  at  Blytfi,  but  not 
here.  We  have  only  one  pan  here,  20  by  120  f»*et   It  is  capable  of  makin»]^  150  barrels 
A  d;iy,  LKo  quantity  depending  on  the  amount  of  fuel  used.     We  have  been  using' 
beach  and  maple  at  $3  a  cord,  and  soft  wood  at  $1.25  and  $1.50.     The  brine  is  very 
strong,  being  full  saturation.    Wo  commenced  at  Blyth  ten  years  ago  and  struck  salt 
At  1,190  feet ;  the  formation  is  about  the  same  as  it  is  here,  and  we  are  s<  ppimed  to  Th«  Blyth  works 
be  working  in  a  bed  90  feet  thick.     We  have  two  pans  there,  and  a  mill  for  table 
And  dairy  s^ilt ;  the  pans  are  24x130.    For  gri»»ding  tin*  tab  e  salt,  we  use  steel  rollers. 
We  make  about  15, (XK)  barr.^ls  a  year  of   table  and  dairy  salt,  put   up  in  small  bags 
which  are  packed  in  barrels.     The  bags  cost  from  $1.30  to  $2  the  barrel.     In  bulk 
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that  Bait  is  sold  at  85  cents  a  barrel.  Our  total  production  at  Blyth  runs  up  to  about 
60.000  barrels  a  year.  We  went  there  on  account  of  cheaper  wood  ;  labor  is  about 
the  same  as  here.  Cheaper  fuel  was  the  main  object  at  that  time,  but  now  we  find 
the  salt  is  purer  there.  At  Wingham  we  sank  in  May,  1886,  and  struck  salt  at  ab«ut 
1J40  or  1  160  feet.  We  did  not  drill  that  well  ourselves,  and  do  not  know  what 
the  bottom  is  like.  It  is  two  miles  from  the  villaf2;e  and  we  have  to  pipe  the  brine 
th  it  di  tance.  Th^  Wingham  well  is  the  only  one  on  the  iine  of  the  Canadian 
PaciHc  railway,  and  that  gives  certain  advantages  in  freight  to  local  points.  At  the 
three  places  we  h^ve  about  40  men  employed  directly  in  connection  with  the  salt 
business,  including  those  engaged  making  the  barrels.  We  bought  6,000  cords  of 
wood  at  Blyth  last  year,  and  2,000  cords  at  Wingham.  That  gives  a  great  deal  of 
work  cutting,  teaming  etc  The  salt  deposit  extends  a  couple  of  miles  east  of  here. 
There  is  plenty  a  mile  and  a  quarter  east,  but  six  miles  farther  east  there  is  no  salt^ 
while  everywhere  west  where  well-borers  have  chosen  to  go  deep  enough  they  have 
fouid  it.  Brussels  is  on  the  outer  limit  of  the  deposit  towards  the  north.  The  roof  over 
the  salt  is  falling  in  at  some  wells,  bu'  there  is  no  inconvenience  on  account  of  that. 
There  is  no  movement  on  the  surface  at  all.  The  water  and  the  loose  stuff  act  as  a 
pupport.  In  all  the  wolU  sufficient  water  finds  ics  wav  down  to  give  any  quantity 
•  f  brine.  The  great  difficulty  the  Canadian  salt  trade  has  to  contend  witn  is  the 
imp'  rtition  of  English  salt.  It  comes  over  as  ballast,  and  is  then  brought  to  Toronto 
at  $  1  a  car.  The  freight  from  here  to  Montreal  by  the  Grand  Trunk  is  $36  a  car. 
Inhere  is  no  duty  oti  the  Englii«h  coarse  salt,  but  there  is  upon  table  salt.  We  ship 
taVe  ;ind  dairy  salt  to  the  erkStem  proving  es.  About  two  million  bags  are  imported 
from  England  every  y»ar.  Our  production  is  about  360,000  bar)  els  A  ffood  deal  of 
English  salt  is  shipped  from  Kingston  to  Chicago  ao  balla&t.  Competition  nas  reduced 
our  capital  GO  per  cett.  in  value,  an'l  of  late  >ears  it  has  not  been  a  profitable  busi- 
i»es8.  From  1878  to  1888  we  had  five  yeais  of  tine  business.  We  had  just  started 
the  Blyth  works  an4  had  cheap  fuel  for  two  years,  and  for  the  next  three  we  had 
the  Association  and  tliat  put  the  price  up  high.  'There  is  not  as  much  salt  usednow 
as  there  was  five  years  ago  on  the  laud  The  reason  of  that  is,  I  think,  because  the 
farmers  cannot  afford  to  buy  it  on  account  of  the  poor  price  they  have  been  getting 
for  their  stiU^.  We  sell  a  couple  of  carloads  a  month  to  the  chemical  works  at 
London. 

F.  C.  Rogers — I  reside  at  Brussels  and  my  business  is  that  of  merchant  and 
salt  deale  .  The  depth  of  the  well,  which  I  sank  seven  yeara  ago  is  aoout  1  070 
feet.  The  salt  was  struck  at  a  depth  of  about  1,000  feet  the  bed  of  salt  being 
about  23  feet  thick.  There  was  fresh  water  all  the  wav  down.  The  works  were 
started  in  September,  ]^81.  We  pump  about  18,000  barrels  of  brine  per  day,  t-nd 
our  product  is  about  2'»,000  barrels  a  year.  We  make  both  dairy  and  common  salt. 
We  sell  conunon  sa  t  at  60  cents  a  barrel.  Dairy  salt  i^  put  up  in  3,  5,  7  or  10  tt> 
bags,  and  1  suppose  it  would  avenige  Sl.-^O  a  barrel.  Barrels  cost  us  about  20  cents 
each  Our  market  is  as  far  e<ist  as  Quebee  ;  wo  sent  a  car  of  dairy  salt  to  Quebec 
yesterday  Our  common  salt  does  not  go  much  farther  than  Brockville  or  Prescott. 
I  do  not  think  that  any  salt  comes  from  tha  States.  There  should  be  a  heavy  duty 
on  English  salt ;  there  is  a  duty  on  fine  English  salt,  but  that  does  not  amouiit  to 
an\  thing.  We  sell  more  dairy  than  any  other  kind.  The  coarse  salt  comes  princi- 
}>ally  from  England.  A  large  quantity  of  dairv  salt  also  comes  from  England,  put 
up  in  r)()  lb  sackn  mostly.  An  enormous  quantity  of  English  salt  coiner  over  as 
ball  ist,  but  our  salt  sells  in  Ontario  better  than  the  English.  Including  the  cost  of 
sinkinij  the  well  the  whole  plant  coat  about  $10,0<K).  My  pan  is  abouc  26  by  100 
feet,  about  two  feet  deep  on  the  slope  and  is  made  of  quarter  inch  boiler  plate. 
We  make  about  loO  oarre  s  a  day.  but  do  not  work  on  Sundays.  Sometimes  we 
have  made  h^  much  as  12o  barrels  a  day.  We  cannot  run  all  the  time,  as  we  have 
to  stop  an  timtis  to  make  repairs  and  particularly  to  clean  off  the  gypsum  coating 
which  forms  on  the  pm.  A  stiort  time  ago  we  had  to  shutdown  a  week  for  repairs. 
Labor  and  wa^rei  We  have  about  15  hands  employcvl  altogether  ;  the  man  who  attends  the  pan  gets 
$1.25  a  day  ;  the  coopers,  of  whom  there  are  two.  get  /ij  cents  a  barrel  ;  the  engine 
drivt  r  yets  $1 .50  a  day  and  he  also  rund  the  dairy  mill.  We  like  the  iron  grinder 
better  than  the  granite  roller.  Onr  grind  r  will  do  about  eight  barrels  an  hour 
and  we  never  work  it  more  than  eight  hours  a  day.  The  amount  of  salt  produced 
in  '  a'lada  is  about  40  XX)^)  barrels  a  \ear,  and  the  business  is  capable  of  being 
extended  in  lelinitely  if  wv  have  a  market  Two  yea'S  ago  we  sold  a  large  quantity 
of  salt  for  manure,  but  f.irmers  seem  to  have  lost  confidence  in  it,  or  it  may  be 
because  they  are  hard  up  this  year.  1  think  it  is  one  of  the  best  things  that  can  be 
put  on  the  land  ;  it  helps  to  kill  vermin.     The  price  of  land  salt  is  about  $2.60  a 


The  Bru«elf 


Co«i  of  produo 
tion. 


Market!. 


Plant  of  the 
works. 


Production. 


Saltaaa 
ferUliMr. 


189 


ton.    We  also  sell  a  large  quantity  for  tanning  hides  and  palting  pork.     Our  salt 

was  tested  against  the  English  salt  in  London  and  found  to  be  bettf  r.     I  think  this  The  salt  area. 

is  about  the  edge  of  the  salt  basin  here.     A  well  was  bored  east  of  us,  but  no  salt 

was  got.     West  of  Brussels  it  gets  thicker,  and  at  Blyth  it  is  90  feet. 

John  Tolmie — I  am  secretary  of  the  Ontariq  People's  Salt  Manufacturing  Co.  ^'\^®!!*** 
of  Kincardine.     It  is  a  farmers'  institution.     Salt  was  first  found  in  Kincardine     "<^*"»»n«- 
about  twenty  years  ag>s  I  think.     There  are  three  wells  belonging  to  the  company. 
Salt  WAS  struck   at  a  depth  of   888  feet,  and  the  first  bed  is  28  feet  thick  ;  then' 
there   is  32   feet  of  limestone  rock,  and   below   that  another  salt  bed  33  feet   J?®^k**  *"*^ 
We  supplied  the  machinery  and  fuel  and  the  boring  cost  us  ^1.06  per  foot.     The  »alt  btdSk  ** 
length  of  our  pump  is  981  feet,  but  the  pressure  of  the  water  going  down  lifts  the 
brine  up  a  certain  distance,  so  that  we  have  to  pump  it  only  about  600  feet.     We 
ha?e  one  pan  191  by  32  feet,  and  can  make  from  300  to  350  barrels  a  day  according 
as  we  fire.     When  the  pan  is  full  there  is  a  foot  of  brine  in  front  and  ab«  ut  six 
inches  at  the  farther  end.     The  front  part  of  the  pan,  where  the  heat  is  intense,  is 
made  of  steel,  but  the  back  part  is  iron.  •    We  use  slack  coal  for  fuel,  half  bituminous 
and  half  anthracite.     The  salt  is  very  pure  and  we  do  not  require  to  use  anything 
to  purify  it.     At  some  of  the  works  they  use  chemicals  to  take  out  the  gypsum.  Production  wad 
Last  year  we  produced  about  2,000  tons  put  up  in  barrels  and  bags.     It  was  all  sold  n^^'^et. 
in  Ontario  ;  none  went  to  the  States.    We  did  not  make  any  more  because  the  price 
was  so  low.     About  300  tons  was  land  salt«  400  tons  coarse  salt  tiiid  the  rest  fiue 
salt.     The  coarse  dean  salt  is  made  at  the  back  end  of  the  pan. 

John  Ransford — I  reside  at  Clinton  and  am  a  salt  manufacturer.  The  first  boring 
for  salt  was  commenced  at  Goderich  about  1806,  and  at  Clinton  about  the  beginning 
of  the  following  year.  My  brother  Richard  commenced  to  bore  about  1867.  .We 
first  went  down  1,170  feet  from  the  surface  ;  that  is  the  bottom  of  the  fi'St  r)ed.  ,j^^  ciinton 
Since  then  we  have  bored  below  that,  down  to  1,246  feet.  We  went  through  the  wells. 
underlying  stratum,  composed  partly  of  hard  limestone,  and  then  into  the  second 
bed  of  salt.  I  he  first  bed  we  estimate  to  be  16  to  18  feet,  and  the  lower  bed  about 
26  feet.  The  rocks  here  I  believe  to  be  about  the  same  as  at  Goderich  ;  between 
the  surface  and  the  first  salt  there  is  800  or  900  feet  of  limestone.  Tht  re  arn  only 
two  wells  here,  and  the  depth  of  the  other  one  is  about  the  same  as  curs.  I  do  not 
think  the  other  well  has  been  worked  since  the  beginning  of  1 886.  The  demand 
within  the  last  two  or  three  years  is  falling  ofiT.  I  think  there  is  a  falling  off  in 
consumption,  and  there  is  also  more  imported.  There  is  not  as  much  salt  sold  for  Production  and 
the  land  as  there  used  to  be.  Since  I  started  to  make  again  in  the  month  of  April  coii sumption. 
this  year  my  output  has  been  about  30  carloads  a  month.  For  nine  or  twelve 
montjbs  before  that  we  had  a  good  deal  of  trouble  with  our  well,  owing  to  the  fall- 
ing in  of  the  roof  ;  we  had  to  take  the  tube  up  and  had  a  great  deal  of  trouble  in 
getting  it  down  again.  As  we  have  been  working  the  well  for  about  t-^enty 
years  we  think  we  have  a  large  lake  below.  The  roof  had  fallen  and  formed 
ji  heap  that  obstructed  our  tube,  and  knowing  the  nature  of  the  overlying 
r<x;k  we  conjectured  the  brine  would  be  more  or  less  impure ;  so  we 
bored  df>wn  past  this  obstruction  on  into  the  second  bed,  which  we  knew 
l>y  Dr.  Hunt's  report  of  Attrill's  boring  was  of  exceptional  purity  ;  according  to  his  Borinsr  into  th« 
report  it  was  the  purest  rock  salt  known.  We  wont  into  it  about  26  feet  and  •®®""^  ^«<*- 
stopped  there  becanse  the  boring  at  Goderich  showed  that  to  be  about  the  thickness 
of  the  second  bed.  We  were  still  in  salt  when  we  stopped.  By  having  an  outer 
casing  outside  our  pump  and  resting  on  the  ledge  of  solid  rock  below  the  obstruc- 
tion referred  to  above,  we  prevented  any  of  the  impurities  from  getting  into  the 
pump.  But  just  as  we  got  it  in  working  order  the  casing  slipped  off  the  ledge.  We 
had  great  difficulty  to  get  it  out  again — it  took  us  about  seven  months — so  that  we 
were  out  of  the  market  from  September  till  March.  We  get  good  »  rine  now  jind 
make  good  salt.  My  present  output  is  from  26,<M'0  to  2^,000  barrels  a  year.  In 
former  years  I  exceeded  that.  I  have  two  pans,  80  or  90  feet  long  by  >'{)  or  4o  wide. 
We  generally  keep  about  three  or  four  inches  of  brine  in  the  pans.  The  pans  have 
to  be  cleaned  about  once  every  two  weeks.  We  do  not  pump  all  the  *24  hours,  as 
we  have  tanks  which  hold  the  brine  required  during  the  ni.ht.  I  think  there  is 
less  scaling  of  the  pans  si  ce  we  have  been  pumping  from  the  new  bed.  In  1866 
and  1867  it  cost  much  more  to  put  down  a  well  than  at  present.  Now  it  can  be 
done  in  a  quarter  of  the  time  and  for  half  the  money.  AVe  are  under  the  imprens- 
iofi  that  this  bed  extends  into  Michigan  as  far  as  Manistee.  To  the  east  it  has  been  The  ialt 
tappeJ  at  Seaforth,  but  at  Mitchell  they  could  not  find  it.  It  has  been  struck  two 
miles  this  side  of  Dublin,  and  that  appears  to  be  the  eastern  limit  of  the  bed.  At 
Teeswater  they  could  not  find  it.     I  understand  that  at   Wjngham   they  bored 
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and  could  not  find  it ;  then  they  bored  two  miles  west,  in  a  line  between 
Brussels  and  Kincardine,  and  there  they  found  it  Speaking  as  a  protectionist,  I  say 
the  stilt  manufacturer  of  Canada  should  be  protected  ;  he  should  have  the  Dominion 
for  his  market.  Practically,  everything  we  u^^e  is  protected  up  to  the  handle  ;  the 
only  thing  we  can  import  free  of  duty  is  the  fire  brick.  English  salt  is  brought 
over  as  ballast  and  is  admitted  free.  It  is  brought  to  the  west  for  leas  than  half 
the  rate  wo  have  to  pay  on  salt  going  east.  I  pay  $21.60  a  car  of  eighty  barrels  from 
here  to  Toronto.  The  freight  on  English  salt  from  Montreal  to  Toronto  is  $12. 
ComvetitioD  and  ^  ^*^®  ^^^^  ^^^  least  desire  to  see  salt  taxed  that  is  imported  for  the  use  of  fisher- 
men.  But  as  a  matter  of  fact  it  is  not  used  for  that  purpose  alone  :  it  c<imeB  to 
Toronto  and  enters  largely  and  principally  into  competition  with  our  land  saltv 
And  I  have  good  reason  to  believe,  too,  that  this  English  salt  is  ground  in  this 
country,  put  into  small  bags  and  sold  in  competition  with  us  as  dairy  salt.  Besides 
the  coarse  salt  there  is  a  large  quantity  of  fine  salt  sold  under  different  brands,  such 
as  Higgins,  Eureka,  Ashton,  etc. ;  whether  that  pays  duty  1  do  not  know,  but  it 
comes  in  and  is  sold,  and  from  the  amount  that  is  sold  I  doubt  whether  it  does  pay 
duty.     There  is  a  duty  on  fine  salt  of  10  cents  per  100  lb. 

Peter  McEwan — I  reside  at  Goderich  and  my  present  occupation  is  that  of 
salt  manufacturer  ;  1  am  also  a  driller.  This  summer  I  drilled  four  artesian  wells 
for  the  town,  two  of  which  were  eight  inches  bore.  The  first  salt  well  was  drilled  in 
1866,  and  was  bonused  by  the  municipality.  It  was  bored  to  a  depth  of  about  1,000 
feet.  The  North  American  Chemical  works  here  make  principally  dairy  salt.  John 
Piatt  manufactures  about  20,000  barrels  a  year,  but  of  course  could  make  far  more. 
a<>derioh%orki.  I  make  from  2U,000  to  25,000  barrels,  and  if  I  had  a  market  I  could  miike  twice  that. 
Joseph  Kidd,  jr..  makes  about  20,000  or  25,000  barrels.  Ogilvie  and  Hutchinson 
use  their  exhaust  steam  and  make  about  7,000  or  8,000  barrels  a  year.  Of  course 
they  could  produce  a  great  deal  more.  The  well  I  work  was  only  drilled  through 
the  first  bed  of  16  feet,  and  there  we  get  all  the  salt  we  want.  After  reaching 
a  depth  of  600  or  700  feet  I  think  the  rock  is  perfectly  dry  ;  the  first  700  feet 
supplies  all  the  water.  The  first  wcIIh  drilled  here  were  4^  or  5  inches  diameter. 
The  best  way  is  to  put  in  a  bit  and  drill  the  full  size  at  once.  We  use  a  three-inch 
pump.  The  pressure  of  water  is  half  a  pound  to  the  foot,  so  that  500  pounds 
would  be  the  pressure  in  a  1,000  foot  well.  The  water  goes  down  through  t  e 
casing  outside  the  pump  and  comes  up  through  the  pump.  The  3^  inch  pump  goes 
down  about  500  feet  and  we  have  the  working  bucket  there,  the  water  going  down 
on  the  outside  forcing  the  brine  up  to  that  height.  In  Marine  City  and  at  other 
places  on  the  St.  Clair  river  they  force  the  river  water  down  between  outer  casing 
and  inner  pipe,  thus  forcing  the  brine  to  the  surface.  They  do  that  as  the  river 
water  is  much  purer.  Of  late  years  there  have  been  great  improvemc^n^s  in  the 
system  of  boring  and  the  cost  is  now  about  one-half  what  it  was  twenty  y<  ars  ago. 
There  is  some  salt  used  on  the  land  in  this  neighbourhood,  but  it  is  very  little  ;  I 
cannot  tell  you  the  quantity,  but  not  as  much  as  some  years  ago.  Most  of  the  salt 
sold  by  O^vie  and  Hutchinson  is  for  that  purpose,  i  don't  sell  more  than  200  to 
300  tons  of  land  salt  a  year  ;  Mr.  Piatt  and  Mr.  Kidd  sell  about  the  same,  and  the 
Chemical  works  not  as  much — perhaps  2,000  tons  a  year  in  all.  More  salt  is  used 
in  the  neighborhood  of  Whitby  and  the  bay  of  Quinte,  but  here  the  country  is 
new  and  the  farmers  have  not  very  much  money. 

Joseph  WiUiams — I  am  a  lumberman  and  am  also  engaged  in  the  manufaoture 
of  salt  at  Port  Franks.  The  well  was  sunk  in  1883  and  is  the  only  one  there.  It 
is  somewhat  deeper  than  the  wells  at  Goderich,  though  we  commenced  thereon 
a  level  with  the  lake.  As  far  as  I  recollect  the  well  is  about  1,345  feet  deep,  bat  I 
cannot  tell  you  the  thickness  of  the  salt  bed.  We  do  not  work  more  than  three  or 
four  months  a  year.  We  have  a  saw-mill  and  work  the  salt  well  in  the  summer  months 
in  connection  with  the  mill.  Three  or  four  months  output  supplies  all  the  salt  we 
can  sell  now.  If  the  price  would  justify  it  we  would  run  all  the  time.  I  suppose 
there  are  between  6,000  and  7,(^00  barrels  of  salt  lying  there  now,  and  there  is  no 
better  salt.  When  we  pump  up  the  brine  it  is  black,  caused  I  understand  by  sul- 
phuric hydrogen  gas.  When  warmed  the  foreign  matter  falls  to  the  bottom,  and 
then  we  allow  the  brine  to  go  int)  the  front  part  of  the  pan.  We  lose  about  25 
feet  of  our  pan  on  that  account.  We  have  one  pan,  125  by  25  feet.  In  oon- 
necti  n  with  the  works  we  employ  twelve  men  and  one  span  of  horses.  We  hav^  a 
large  boiler  that  supplies  steam  for  the  saw  mill  and  for  the  small  engine  that  does 
the  pumping.  Our  pumping  engine  is  about  15  horse  power.  Our  pump  is  about  650 
feet  down  from  the  surface.  Four  wells  could  supply  the  Ontario  demand,  and  we 
have  not  the  market  of  our  province  on  account  of  English  salt. 
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Jame»  Carter — The  Couriright  Salt  Co.    is  an  incorporated  company  with  a 
^^ibicribed  capital  of  about  ^,HO0  ;  J.  S.  Nesbitt  of  Samia  is  the  president,  and  I 
^Xii  Becretary-treanurer.       Salt  was  first  discovered  here  on  the  bOth  June,  lb84,  salt  well  ai 
^«l  uun  is  the  only  well.      It  is  1,620  feet  deep  to  the  salt,  there  is  21  feet  of  salt  Courtrighi 
s^nd  it  goes  five  feet  under,  making  the  total  depth  1,640  feet.     Beyond  that  it  has 
Hot  been  tested  here.     On  the  other  side  of  the  river,  after  passing  through  a  bed 
of  salt  correnponding  with  ourtf.   they  found  another  bed  of  salt  30  or  40  feet 
thruugh,  with  just  six  feet  of  rock  between  the  two  beds.     At  836  feet  we  found 
mineral   water  the  same  as  they  use  across  the  river  for  bathing  und  drinking 
purposes.      The  well  is  cased  to  876  feet  with  iron  casing  four  inches  in  diameter  ; 
inside  of  that  there  is  a  two  inch  iron  pipe  running  to  the  bottom  of  the  bed  and 
this  pipo  is  perforated  at  the  bottom.     The  river  water  is  forced  down  between  the  "^^^  pumpiiv 
two  pipes,  and  after  becomiiig  t^aturated  with  salt  it  is  forced  up  through  the  inner  ■^•^™- 
pipe.     Forcing  the  water  down  in  this  way  takes  about  the  same  amount  of  power 
as  pumpins  the  brine  up  in  the  ordinary  way.     Our  engine  is  about  a  1*2  horse- 
power.    The  advantage  of  the  system  is  that  we  can  shut  off  the  water  that  may 
ooutain  impurities  and  force  down  water  the  quality  of  which  we  know.     For  the 
iirst  week  or  ten  days  the  brine  was  not  very  strong,  but  since  then  it  has  been  of 
fche  full  strength.     We  have  not  had  any  trouble  on  account  of  the  caving  in  of  the 
xtKsk  ;  the  drillers  reported  solid  hard  rock  to  the  top  of  the  salt  rock,  bo  wo  do  not 
suiticipate  any  trouble  of  that  kind.     From  876  feet  it  is  Paid  to  be  a  solid  hard  rock 
sight  down  to  the  salt.  Our  pan  is  20  by  50  feet  and  the  salt  has  to  travel  the  length 
of  the  pan  three  times.     We  make  a  hundred  barrels  a  day,  but  we  have  made  as 
liigh  as  128  barrels  a  day  for  a  week  at  a  time.     We  made  about  '28,000  standard 
^liarrels  last  year.     'I  his  year  we  do  not  expect  to  make  over  25.000  barrels  as  we  j.    .  ^ 
lave  been  shur.  down  a  longer  time  ;  we  were  shut  down  four  weekn  last  year  and         "    *"' 
mbout  eight  weeks  this  year.     The  demand  has  been  les^  this  year.     Last  year  our 
itput  averaged  about  54  cents  a  barrel.     The  price  would  be  ah  >ut  the  same  this 
tiU  the   1st  of  June,   when  we  advanced  it  10  cents  a   barrel.        We  are 
in  any  association,  there  was  a  lake  shore  association,  but  it  is  not  in  existence  ,-. 
»w.      llie  (  anada  salt  association  ceased  to  exist  on  the  29th  of  March,  1885.  tion.**    *"** 
XJnder  it  each  manufacturer  was  alloted  a  certain  amount  and  for  about  two  years 
'tte  price  obtained  was  96  or  97  cents  at  the  works.     But  owinir  to  disagreement  as 
'%o  the  allotment  the  association  fell  through  at  the  period  stated,  after  an  ex'stence 
mji  about  three  years.     At  the  tioje  that  association  was  in  existence  English  salt 
"vas  being  imported  as  iiow.     The  government  was  asked  by  some  of  the  manufac- 
'tazers   to  put  a  duty  on  foreign  salt,   but  they  refused   to    alter  the  duty  on 
Snglish  or  American  s<alt  used  for  fisheries,  which  is  free.     I  think  it  w  fair  that 
English  salt  should  be  admitted  free  for  the  use  of  the  fisheries,  and  for  that  matter 
^or  the  use  of  the  eastern  provinces,  because  the  freight  on  the  salt  to  get  it  there 
"Would  be  too  high.      \s  the  law  now  stands  salt  coming  from  the  States  is  free  for 
£sheries,  while  salt  coming  from  England  is  free  for  all  purposes.     1  am  told  by  one 
«f  our  compiny  that  Walker  &  Co.  of  Aylmer,  in  western  Ontario,  use  English  salt  po^i^n  oomMli- 
mltogether  in  packing  their  meat.     There  is  English  dairy  salt  selling  in  Samia  now,  Uon. 
and  within  my  knowledge  English  salt  was  largely  shipped  to  Samia,  Chatham  and 
Windsor  within  the  last  ten  years.     Blr.  Hallantyne  of  Stratford  told  me  he  satistied 
Tiimself  that  we  had  as  eood  salt  here  as  the  English,  and  he  got  manufacturers  to 
make  cheese  from  each  liind  of  salt.     The  cheese  was  tested  at  a  meeting  without  canftdi^n'Mlt. 
luowing  which  was  manufactured  with  the  English,  or  which  with  the  Canadian 
salt,   and  without  a  8in.;le  exception   they  decided  the  best  was  made  with  the 
Canadian  salt.     Since  1885  we  have  been  U!«ing  petroleum  tar  as  fuel,  brou<^ht  from 
Petrolia.     Prior  to  the  fir»t  of  June  the  tar  cost  40  or  4r»  cents  a  barrel  at  Petrolia,  petroleum  Ur 
bat  since  that  time  they  have  raised  the  price  to  70  and  75  cents  a  barrel,  which  for  fuel, 
makes  it  as  exr>ensive  as  coal  would  be.     1  may  say  that  at  the  present  time  the 
<|iieHtion  of  the  duty  is  a  material  consideration  with  us  in  not  using  coal.     We 
"work  n*ght  and  day  and  employ  about  nine  men  ;  four  men  manufacturing  the  salt, 
two  packing  and  two  or  three  making  barrels.     We  pay  SI.  25  a  day  to  the  men  '^*><*''*n* 
manufacturing^  the  salt,  2|  cents  a  barrel  for  packing  and  loading  it  upon  the  cars 
or  Tessels,  and  '2^  cents  apiece  for  making  barrels.       Wo  make  just  one  grade  of 
ordinary  fine  salt,  and  our  market  is  altogether  in  the  province  of  Ontario. 

SILVER. 

The  Port  Arthur  district,  extending  from  Thunder  cape  and  Silver  islet  to 
'^'hitefish  lake,  is  a  section  of  country  occupied  by  the  black  shales,  cherts 
and  dolomites  of  the  Animikie  formation.     These  shales  rest  uncomformably 


in  a  horizontal  position  on  the  Haronian  formatioii,  and  thej  are  capped  in 
large  areas  bj  a  thick  overflow  of  trap.  A  great  nninber  of  veins  occur  in 
thiB  district,  cutting  through  the  various  series  of  rocks  as  far  as  followed,  and 
generally  occurring  in  a  fault  which  has  thrown  the  beds  on  one  side  of  the 
vein  above  or  below  those  on  the  other  side.  The  line  of  fault  and  presence 
of  a  vein  may  often  be  noticed  by  an  indentation  in  the  escarpment,  visible 
for  miles  away.  Sometimes  the  veins  cross  intrusive  vertical  dykes,  as  at  Silver 
islet.  The  capping  of  trap  has  prevented  the  weathering  down  of  the  under- 
lying shale,  so  that  generally  it  is  only  at  the  escarpment  formed  where  tlie 
over-lying  trap  occurs  that  it  is  possible  to  see  the  veinR. 

The  components  of  the  veins  in  the  district  south-west  of  Fort  Arthur 
are  chiefly  calcspar,  quarts  (and  also  as  amethysts),  fluorspar,  heavy  spar,  and 
breccia  of  the  wall  rock.  They  carry  iron  pyrites,  galena,  Kincblende  (often 
rich  in  silver),  with  native  silver  near  the  surface  and  silver  sulphide  or  argen- 
tite  below.  The  galena  is  not  argentiferous  as  a  rule.  Saponite  and  asbestos 
or  "  mountain  leather,"  and  talcose  slate  also  occur  with  the  vein  matter  in 
places.  The  veins  run  in  different  directions,  but  the  majority  are  east  and 
west.  None  appeared  to  have  any  decided  advantage  over  the  others  on 
accouut  of  the  direction  of  their  course,  although,  of  the  richest  developed  thus 
far.  Silver  islet  strikes  north  and  south,  the  Beaver  north  40°  east,  and  the 
Badger  north  20°  east.  At  least  seventeen  locations,  including  mines,  claim 
to  carry  silver.  It  may  be  said  of  this  district,  judging  by  the  work  that  has 
been  done  already  in  it,  that  the  prospect  of  a  rich  and  permaneDt  yield  ttt 
silver  is  lemarkably  good.  In  fact  it  would  be  difficult  to  conceive  a  more 
promising  silver-carrying  region. 

Beaver  mine  is  situated  on  Beaver  mountain,  in  the  township  of 
O'Connor,  about  llj  miles  from  the  Canadian  Pacific  railway,  and  a  short 
distance  from  the  new  Government  rood.  The  vein  strikes  north  40"  esst. 
and  dips  from  6°  to  18°  from  the  perpendicular.  It  cuts  through  the  trap 
above,  which  is  40  or  SO  feet  in  thickness,  and  below  that  it  cleaves  the 
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block  slates  which  form  the  walls  on  both  sides.  The  slates,  which  are 
generally  found  lying  in  a  horizontal  position,  are  tilted  upward  immediately 
beside  the  vein,  which  contains  in  places  a  good  deal  of  breociated  slate  matter 


'There  probftbl;  has  therefore  been  a  fault  and  a  vertical  movement  downward 
'^n.  both  aides,  one  after  the  other.  The  vein  aveiagea  about  3^  feet  in  width, 
~^%rying  from  a  mere  oraok  without  any  contents  to  vein  matter  3  to  4  feet 
'^^de.  The  ore  depoaita  in  the  vein  are  met  with  quite  unexpectedly.  As  the 
'v-«i[i  haa  been  worked  to  a  considerable  depth  the  sulphide  has  for  the  moat 
&«rt  replaced  the  native  silver,  which  wm  the  chief  ore  higher  up.  The  silver 
fCCDerally  occurs  on  the  hanging  wall.  Where  ot^urring  with  zincblende  the 
r  is  held  in  leaf  form  through  the  blende  cryatals,  but  when  found  with 
a  it  is  intimately  mixed.  Information  about  the  equipment  of  the  mine, 
'^vork  done,  wages,  etc.,  is  fully  set  forth  in  the  evidence  of  the  superintendent. 
^ISkptain  Hooper. 

Operations  on  a  mining  scale  had  just  commenced  on  the  Badger  property 
\Mt  a  short  time  previous  to  the  visit  of  the  Commission.  The  ground  was  BaJjcr  i 
■  '^Miog  opened  up  by  shafts  and  levels,  but  scoping  had  not  yet  commenced.  The 
"'vein  is  pinched  in  the  trap  above,  but  opens  out  wider  in  the  slates  below,  and 
=-  averages  two  feet  wide.  The  strike  is  north  20°  east,  and  the  dip  70"  south- 
— ^«st  Most  of  the  ground  thus  far  opened  is  very  rich,  silver  being  present 
^here  the  vein  cuts  the-  trap  as  well  as  where  it  has  the  slates  for  walls.  The 
-^velected  ore  is  said  to  run  up  to  $3,000  per  ton,  and,  like  ores  from  the  other 


producing  mines  in  this  district,  it  is  sent  off  in  barrels  to  the  smelter.  The 
«haft  is  being  sank  10  by  6  feet  and  the  drifU  7  by  5  feet.  A  striking  fact 
in  natnraJ  history  was  pointed  out  which  assists  the  prospector  on  covered 
.grxmd,  viz.,  that  pine  is  chiefly  found  growing  on  the  trap,  and  poplar  on 
the  bUck  slates.  The  line  marking  the  trees  and  the  rocks  is  quite  clear  and 
irall  defined  here.  Fig.  31  is  a  section  of  the  work  done  at  the  Badger.  Full 
infonnation  about  the  mine  is  given  in  the  evidence  of  Herbert  Shear,  the 
'i^erin  tendent. 

The  course  of  the  Silver  Mountain  vein  is  east  and  west.  It  cuts  trap 
tad  sUte  »nd  has  been  followed  into  the  cherty  limestone  below.  The  cherty  Eutsiirai 
limeatone  is  met  5."t  feet  higher  on  the  north  than  on  the  south  side,  and  *'">""'"'' 
I  therefore  there  must  have  been  a  fault,  the  vein  forming  in 
tJie  fissure  caused  by  it  This  vein  is  being  opened  by  adits 
driven  into  the  escarpment,  which  here  rises  nearly  300  feet.  The 
also  been  opened  on  the  low  ground  to  the  east  by  an 
'■  cHiif  liitjm^  open  cut,  and  is  four  to  six  feet  wide  at  thHt  point.  The 
pi^fl  is  of  caloapM,  carrying  silver  and  zincblende.  Iron  pyrites  an  d  galena 
us  slao  foand.  Thti  ore  it  native  silver  and  argentite,  and  the  best  rock  at  this 
13(M.C.) 


opening  is  found  on  the  hanging  wall  with  calcspar.  The  ore  is  alao  foniid  i 
fluor  and  heav;  spars,  which  occur  in  the  vein  to  a  considerable  extent.  Captai 
Trethewey  states  that  in  the  pa^  of  the  vein  exposed  by  the  open  cat  one-thir 
of  the  vein  stuff  is  mill  rock.  The  evidence  of  Mr.  Tretheway  can  be  r«ferre 
to  for  full  particulars  about  this  mine,  and  that  of  Captain  Nicols  for  Wet 
Silver  Mountain  mine. 
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Fio.  3S.— Eut  Silver  Mounliiu  mine.    Stale— <1XI  rest  M  1  Inch. 

E.  B.  Bi>rron—\n  reference  to  silver,  its  occurrence  on  lake  Superior  associatei 

with  native  copper  can  h&rdly  have  escaped  the  notice  uf  those  rude  miners  whi 

excavated  what  are  known  as  the  Indian  diggings.  Hessrs.  Foster  and  Whitney,  U 

8.  geologists,  in  their  report  submitted  to  Congress  in  1850  say  .*   "None  of  the  earlj 

ex|ilurors  seem  to  liave  noticed  the  esistence  of  metallic  silver  associated  wich  thi 

copper,  although  we  know  that  among  the  numerous  masses  of  copper  which  hiiVi 

been  picked   up  on  the  shores  of  the   lake,  some  have  contained  a  considerabli 

quantity  of  silver  intcrapcrscd  through  tliem. "     Referring  to  Alexander  Heni] 

(already  mentioned  as  engaged  in  copper  mining  about  1770)  they  say  :  "Henry  con 

^lydiBcoveries  ludesfroni  the  result  of  his  unsucessful  experiment  in  mining,  that  the  copper  nevei 

Superi".""      "  can  he  succeestully  mi  ne<l  except  (or  loc'il  consumption  and  that  the  countjy  mustb< 

cultivated  and  peopled  before  this  can  take  place.       He  then  goes  on  to  remark,  '  Ii 

was  m  the  hope  of  finding  silver  in  suHicient  abundance  to  make  the  speculatioi 

profitable  that  the  works  were  commenced.'      He  speaks  of  the  discovery  of  th< 

metai  in  only  one  place  however,  Pointe  aui  Iroquois,  where  according  to  his  auth 

ority  a  Mr.  Norburg,  n  Russian  gentleman  acquainted  with  metals,  discovered  a  blat 

stone  eight  pounds  weight,  wbidi  was  sent  to  England  and  found  to  contain  60  pei 

cent,  of  silver. "  Pointe  aui  Iroquois  is  about  fourteen  miles  above  Sault  Ste.  Harie 

on  the  United  States  aide.     If  this  be  true,  the  atone  in  question  was  probablj 

found  in  the  drift  and  had  been  transported  from  some  point  on  the  north  or  Gana 

A^reporMd  dt«-  ji^^  gj(jg  ^f  (;]jq  [^^1,^      ][j  1852  a  French  Canadian  named  Secord  stated  thataboui 

ooiery  n        .    jgg^  j^^  ^^  discovered  a  mass  of  whit*  metal  on  the  north  shore,  from  which  hi 

cut  off  a  piece  with  his  axe.     He  did  no 

kuow  what  it  was   at  the   time,  but  oi 

showing  it  to  Capt.  Bayfield  or  aome  o 

the  psrty  then  employed  on  the  Burve< 

of  lake  Superior,  was  informed  tliat  it  wa 

silver.     Relying  on  his  story  an  ezpedi 

tion  was  fitted  out  shortly  after  my  arriTS 

at  the  Bruce  mines.     The  late  Alezande 

Cameron  of  Sault  Ste.  Marie  was  in  charge 

Secord  piloted  the  party  to  Thunder  bay 

but  after  the  lapse  of  a  period  of  twenty-eight  years  he  could  not  find  the  exac 

position  of  the  vein,  and  the  party  returned  to  Bruce  Mines  disgusted.     Secord  wa 

regarded  as  an  impostor  by  some,  and  by  others  aa  laboring  undera  delusion.    Bu' 

in  the  light  of  subsequent  discoveries  in  that  district  it  is  likely  that  such  suspicion 

were  unmerited  and  unjust.     Be  that  as  it  may,  poor  Secord  hung  himself  shorth 

aft«r  the  return  of  the  party.     In  18U6-67  the  disc-overy  of  silver-bearing  veins  bj 

thoMcKellnrbrothersandMr.  George  McVicar  of  Port  William  once  more  attracts 

attention  to  the  north  shore  of  lake  Superior.     The  existence  of  silver  in  the  vein. 

of  native  copper  had  long  been  known.     Now  it  was  found  in  the  form  of  ore  a 

well  as  in  the  native  statf,  in  veins  that  might  properly  be  called  silver  veins.    Thi 

excitement  was  greatly  increased  by  the  residt  of  the  re-examination  of  the  Montres 

Mining  Co'a  location  at  Thunder  cape  by  Mr.  Thomas  Macfarlane  in  186B.      In  th< 
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xiginal  description  of  this  location  by  Mr.  Sheppard  mention  is  made  of  a  small  island 
ear  the  shore  on  which  there  was  a  vein  of  galena  and  carbonate  of  copper.     He  did  veMsietmine. 
otseemingly  notice  that  it  contained  silver  as  well.  One  of  the  men  employed  by  Mr. 
kdacfarlane  found,  I  believe,  the  same  vein,  and  he  was  the  first  to  observe  the  pre- 
puce of  silver.  But  the  credit  of  the  discovery  of  silver  in  such  form  and  quantity  as 
entitle  it  to  be  considered  a  silver  vein  is  due,  I  think,  to  Mr.  Macfarlane.      The 
Thunder  Bay  silver  mine,  the  Shuniah  mine,  3A  mine,  a  miue  near  McKenzie's  rivei\  uneuccessful  ail- 
«XarviB  Island  and  McKellar's  Island  mine  were,  with  the  exception  of  Silver  Islet,  ver  mines. 
"t^he  principal  mines  worked  while  I  was  inspector.     All  of  them,  I  think,  have  been 
'tjinsuecessful,  and  as  far  as  I  know  none  of  them  are  now  working.     Owing  to  the 
limited  length  of  the  ore-bearing  portion  of  the  vein  at  Silver  islet  a  few  years 
sufficed  to  exhaust  the  mine,  and  it  has  been  for  some  years  abandoned.     Of  tlie 
xnore  recent  discoveries  I  know  nothing,  unless  it  be  that  large  sums  have  been  paid 
-fco  discoverers  or  promoters.    Silver  mining  companies  have  been  more  cautious  than 
tihose  engaged  in  copper  mining. '   While  I  was  inspector  the  companies  named  were 
engaged  chiefly  in  testing  the  veins,  and  but  a  small  amount  was  spent  on  the  sur- 
face until  they  were  in  a  position  to  judge.     The  only  exception  was  the  Thunder 
Say  Silver  Mining  Co. ,  who  purchased  and  erected  ore-dressing  machinery  before 
^he  veins  had  been  properly  tested,  the  result  beint;  that  the  money  expended  was 
thrown  away.     But  that  the  managers  were  over-sanguine  is  not  surprising  in  view 
of  the  richness  of  (he  ore  in  some  places  near  the  surface.     The  late  Thomas  Her- 
rick  and  I  estimated  the  value  of  the  silver  contained  in  one  small  mass  of  ore  not 
exceeding  15  or  20  lb.  weight  at  not  not  less  than  $100,  and  I  do  not  think  this  was 
'by  any  means  the  lai^est  or  most  valuable  piece  obtained  from  the  same  vein.     In 
concluding  my  evidence  on  this  branch  I  can  only  sav  of  the  silver  deposits  on  the 
north  shore  what  I  have  already  said  in  regard  to  the  copper,  that  although  like 
every  other  mining  region  the  unsuccessful  enterprises  greatly  outnumber  the  suc- 
oesaful,  yet  when  the  extent  of  this  silver- bearing  belt,  as  proved  by  the  great 
number  of  places  where  the  metal  has  been  found  is  taken  into  consideration,  we 
have  reason  to  hope  that  many  veins  as  rich  as  that  of  Silver  islet  and  much  more 
lasting  will  be  discovered 

A.  J.  Cctttanach — I  am  a  barrister,  residing  in  Toronto.      I  have  been  interested 
in  mining  properties  from  1870  down  to  the  present  time,  and  have  been  connected 
with  the  Silver  Islet  mine  almost  from  the  beginning.     I  have  also  been  connected 
with  several  other  mining  properties  as  director,  vice-president,  and  in  other  offices,  .pj^   oji       .  i  * 
I  have  devoted  my  attention  particularly  to  the  Thunder  bay  district,  and  as  far  property. 
west  as  the  Shebandowan  district.     I  have  also  acted  for  a  large  number  of  capital- 
ists who  own  properties.     What  is  popularly  known  as  the  Silver  Islet  property 
consisted  of  107,000  acres  of  land  originally  owned  by  the  Montreal  Mining  Co.,  and 
of  lands  subsequently  acquired  by  the  Silver  Islet  company.     A  large  number  of 
locations  of  6,400  acres  each  had  been  patented  to  several  individuals,  and  were 
f^enerally  called  by  their  names.     A  great  many  of  these  and  other  locations  were 
consolidated  and  absorbed  by  the  Aiontreal  company  about  forty  years  ago.     In 
1870  the  Montreal  company  sold  the  107,000  acres  to  Major  Sibley,  Captain  Frue 
and  the  Hon.  Edward  Learned  for  $225,000.     The  purchase  was  completed  late  in 
the  year,  and  Captain  Frue  began  work  on  Silver  islet  in  the  same  season.     The 
Montreal  company  was  aware  that  there  was  silver  on  the  island  ;  a  strong  report 
was  made  by  Mr.  Macfarlane  recommending  that  $50,000  should  be  spent  upon  it. 
This  report  stated  that  the  ore  was  not  only  rich,  but  that  there  was  a  large  (quantity 
of  it.     The  Montreal  company  would  not  take  the  risk  of  spending  so  much  money, 
and  then  the  Americans  stepped  in.     In  the  first  year  they  produced  ore  enough  to 
pay  the  purchase  money  to  the  Montreal  company  and  for  a  large  expenditure  made  , 
on  permanent  works  ;  and  within  three  years  from  the  date  of  their  purchase  they  flSiuMrfD^ork- 
paid  dividends  to  the  amount  of  $300,000  besides.     Then  they  went  through  some  ing  the  mine. 
sterile  rock  for  some  time,  spent  a  larj»e  amount  of  money  without  a  return,  and  had 
to  put  a  mortgage  on  the  property  of  $400,000.     After  working  on  for  about  a  year 
and  a-half  to  no  purpose  they  came  upon  rich  ore  again,  which  enabled  them  to  pay 
off  the  mortgage  of  $400,000,  and  left  them  free  once  more.     After  having  gone 
down  some  distance  to  no  puqK)se  it  occurre<l  to  Captain  Frue  that  there  had  been 
a  slide  or  throw  in  the  rock,  and  acting  on  this  hypothesis  they  succeeded  in  finding 
the  vein  again.     Meantime  a  company  liad  been  orgauise<l,  but  in  the  early  j>art  of 
1884  work  stopped  at  Silver  islet  and  has  not  been  resumed  since.     The  shaft  was 
sunk  down  1,160  feet  below  the  surface  of  the  water.  *nd  the  company  was  drifting  Cause  of  shuttinff 
north   and  south  and  sinking  a  winze  to  the  1,2G0  foot  level.     At  that  time  the  down. 
Canadian  Pacific  railway  was  not  built,  and  the  only  way  of  gettm^  ^wV^v^^  ^^^^ 


fuel  waa  by  water.  The  compajiy  had  ordered  its  Buppliea  of  fuel  from  trhe  AmerioHi 
aide  ;  but  the  vessels  (jrot  frozen  in  and  could  Dot  deliver  the  oargoes,  Id  conaaquanca 
of  which  work  waa  stopped  in  March  for  the  want  of  fuel,  and  the  mine  cf  ooiute 
tilled  witlt  water.  1  understood  it  would  take  Kverol  weeks  to  pun^'  it  ouL  The 
company  had  a  couple  of  eugiai  s  of  240  horse  power  and  hoistiug  machinery,  but 
>iJB>>  th9  machinery  was  not  powerful  enough  to  go  dowu  much  further,  and  it  would  be 
^"'"^  u«ule«s  to  commence  working  again  without  new  hoiatin);  apparatus.  Shortly  before 
operations  atopiied  it  had  been  decided  tu  put  in  new  machinery,  and  I  waa  instructed 
to  go  tu  Ottawa  and  try  to  arraagu  for  getting  the  duties  tikcn  off.  The  uaohineiy 
would  cost  about  SlOO.iXH)  and  the  dutiuH  would  be  about  830,000.  I  aaw  the  Min- 
ister of  CuBtoms,  who  took  a  great  interest  in  tlio  case.  He  appeared  anxious  to  do 
anything  he  could  to  help  the  company,  but  he  seemed  to  think  nothing  could  be 
done  in  the  way  of  ivmittinf;  tlie  duties  without  legislation.  Parliament  waa  not 
sitting,  and  it  was  an  isolnted  case.  He  expressed  his  willingness  to  carry  out  any 
BuggestionH  he  could.  It  waa  then  suggested  by  hijiiseir.  or  by  me,  that  if  the  wona 
stopped  at  Silver  islet  and  tlie  macliinery  was  s<ild  and  exported  hack  to  the  United 
!itutes  there  should  bo  a  drawbaek  given  to  the  company;  but  tliatcam«to  no  pne- 
tiuiil  result,  because  the  couipauy  would  have  to  iiay  the  830,000  down,  and  when 
least  able  to  afford  it.  So  tliu  matter  dropped  and  the  compauy  could  do  nothing. 
If  the  comiMtny  had  succueded  in  ^ttiug  the  machineiy  at  that  time  when  it  had 
the  money,  the  work  would  prohably  be  goin-;  on  at  the  present  day,  as  near  the  1,160 
foot  level  in  the  previous  IJctobor  exceedingly  rich  ore  was  struck,  varying  from 
|!,000  to  Ift.OOO  ox.  to  the  ton.  There  is  a  great  deal  of  machinery  nsodin  mining  that 
is  not  manufactured  in  Canada.  In  the  case  of  an  English  cuiu|)any  that  was  going  to 
bring  aonie  vcr}'  exiiennive  machinery  to  Michipiuoten,  I  tried  to  make  aRan|e- 
ment«  aliout  thu  duty,  but  1  could  do  notliing.  I  think  that  the  removal  of  dutiet 
on  machintry  that  ja  not  manufactured  in  the  country  would  be  very  bone&cial.  A 
i-ajilisl  great  many  Americans  arc  inti'rrated  iu  mining  pro|ierties,  and  it  is  American  money 
that  is  chielly  spent  here.  Silver  Islet  was  nearly  all  American,  the  Beaver  u 
American,  the  West  Silver  Mountain  is  worked  by  people  who  have  oome  from 
Colorado  ;  the  East  Silver  Mountain  is  English,  and  thu  Jarvis  Island  Co.  ia  English. 
Tlie  actual  amount  of  silver  ore  taken 
from  Silver  Islet  during  the  time  the 
company  worked  was  93,089,157. 
BW  ..  When    I    speak  of  the   Silver  Islet 

"'  -"^  company  I  mean  the  original  aaioci- 
fttion^tho  first  Silver  Iswt  company 
and  the  later  Consolidated  Silver 
Islet  comiiany  which  bought  out  th« 
other  tw<i.  Stock  of  the  Consoli- 
dated Com)>any  was  paid  op  Stock. 
It  in  very  difficult  to  sell  any  mining 
stock  that  is  liable  to  anesunent. 
In  tlio  case  of  Silver  Islet  tb«  stock 
was  paid  up,  but  the  ahareholdera 
made  themselves  liable  by  contract 
to  pay  SIO  upon  each  share  as  they 
might  be  called  upon  by  the  direc- 
ton.  The  amount  of  paid  up  stock 
was  $1,000,000,  and  this  liability  of 
810  a  share  made  a  cash  capital  of 
8400,000,  as  there  wore  40,000  shares. 
Must  of  the  shareholders  paid  up 
their  calls,  but  a  minority  were  un- 
able to  do  BO.  The  coDsaqueace  waa 
that  the  company  about  the  time  it 
stopiwd  oiMjrations  found  itself  in 
iirt^'ago  on  the  property  of  8^00,000,  and  there  were 
.rtj-  no  ruH'iurces  to  be  hod  from  the  shareholders,  because  some  had  paid  up  in  full 
itol  and  Rome  could  not  {lay  at  all.  The  company  was  discouraged  ;  it  was  found  it 
"  woulil  cost  much  to  jiump  out  the  mine  and  togot  the  noiv  machinery,  and  that  it 
Would  bo  useless  to  go  into  a  thini;  of  that  kind  without  lieing  well  provided  with 
money.  The  three  promoters  had  died  in  the  meantime,  and  there  was  no  person 
connected  with  tlie  coiii|uiny  who  had  sullicient  knowledge,  experience  and  time  tn 
take  charge  of  it.     Things  wi'iit  from  Inid  to  worse,  and  the  other  day  a  sale  took 
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place  in  New  Toik  at  the  sait  of  the  debenture  holders.     The  debts  of  the  company 

only  amount  to  about  $120,000,  and  they  have  about  115,000  acres  of  land.     The 

whole  property  was  sold  to  the  debenture  holders  for  some  95,000,  but  they  have 

expressed  a  willingness  to  accept  their  money  from  the  company,  and  steps  are 

being  taken  to  reorganise  it  if  possible.     When  the  work  stopped)  the  vein  was 

perfectly  developed  and  was  very  promising ;  they  were  occasionally  meeting  with 

bunches -of  silyer.     The  accompanying  sketch  shows  the  work  done  and  present 

position  of  the  mine.     We  hope  to  go  on  again,  and  negotiations  are  pending,  but 

what  the  result  will  be  it  is  not  possible  to  say  yet.     The  Silver  Islet  company 

has  not  thoroughly  examined  the  whole  of  its  locations.     The  Montreal  Mining 

company  had  examinations  made  of  all   of  its  lands  and  had  printed   reports, 

but  it  made  no  particular  developements  worth  speaking  of.     The  policy  of  the 

Silver  Islet  Co.  was  to  pick  out  particular  spots  where  good  promise  of  mineral  ^^^     oltheSfl 

was  found,  and  prove    them    thoroughly.      For    instance,    at    Mamainse,    just  ver  islet  Co.  la 

opposite  the  range  of  the  Calumet  and  Hecla,  there  is  apparently  a  rich  deposit  developing  Iooa- 

of  copper  on  our  side.     An  English  company  spent  some  £70,000  on  an  adjoin-      "^ 

ing  property  and  island.     The  Silver  Islet  company  owns  11,000  acres  there,  and 

has  spent  a  considerable  amount  of  money  in  developing  that  property — enough  to 

show  that  it  is  a  very  good  property,  so  that  nothing  is  necessary  but  to  form  a 

large  company  and  go  on  and  work  it.     It  also  did  a  great  deal  of  work  at  Point 

Porphyry,  a  few  miles  east  of  Silver  islet,  and  proved  it  to  be  a  valuable  location ; 

but  nothing  further  has  been  done  for  the  want  of  money.     Some  examination  was 

also  made  of  the  mainland  in  the  vicinity  of  Silver  islet.     There  is  a  streak   of 

quartz  running  from  Burnt  island  in  the  direction  of  Silver  islet,  and  in  calm  weather 

one  can  see  it  for  200  or  300  yards  under  water  ;  that  is  supposed  to  connect  with 

Sflver  ialet ;  it  breaks  out  on  Burnt  island,  and  again  on  the  heights  on  the  mainland. 

S.  J.  Datrion — A  great  many  silver  locations  have  been  taken  up  and  many 
are  now  in  operation  in  the  Port  Arthur  district.     I  believe  very  large  amounts  of 
liiver  have  been  exported  from  this  district.      From   Silver   islet  I  un<lerstand 
they  exported  in  the  few  years  they  were  working  from  $3,500,000  to  $4,500,000. 
That  mine  was  abandoned  on  account  of  the  water  getting  into  it,  but  I  believe  Production  of 
there  is  plenty  of  silver  in  it  yet.     I  understand  that  with  proper  machinery  the  jjj^  **  Silver 
vater  can  be  kept  under  control,  and  that  it  is  the  intention  of  the  owners  to 
le-open  the  mine.     The  percentages  of  ores  vary  very  largely  ;  some  rich  ores  go  as 
high  as  $10,000  to  the  ton,  and  some  hardly  pay  to  work.     In  this  district  people 
liave  always  looked  after  very  rich  ores,  and  ordinary  paying  ore  has  hardly  met 
with  any  attention  at  all.     I  would  consider  from  8  to  10  ounces  to  the  ton  a  fairly 
paying  ore,  but  they  require  much  more  than  that  here.     The  reason  is  perhaps  to 
l>e  found  in  the  fact  that  they  have  not  got  the  proper  appliances  to  work  such  ores  ^'©c«»»*ty  oi 
'^rith  economy.     Systematic  mining  was  carrie<l  on  at  Silver  islet  and  is  now  being  JSnini^*^ 
carried  on  at  the  Beaver  mine,  and  preparations  for  such  work  are  also  being  made 
^t^  the  Silver  Mountain  mines,  both  east  and  west.     Where  work  has  been  done 
systematically  it  has  been  very  satisfactory,  and  where  minf  s  have  been  abandoned 
~  work  stopped  it  has  generally  been  on  account  of  the  want  of  capital. 

PeUr  McKellar — Up  to  the  present  time  most  attention  has  been  paid  to  silver 

ining  in  the  lake  Superior  rei^ion.     Silver  Islet  mine  wa.<  closed  down  for  the 

«nt  of  coal :  the  vessel  that  was  to  brino^  the  coal  did  not  come  and  so  they  had  to 

ose  down  for  the  winter  and  the  mine  filled  with  water.     The  shaft  is  1,100  feet  Silver  Islet  mine. 

;  the  vein  did  not  play  out,  and  they  are  liable  to  find  bonanzas  at  any  time.  It 

a  regular  fissure  vein  from  0  to  8  feet  wide,  and  the  formation  is  slate.     The 

nanzas  were  generally  found  where  the  slate  came  in  contact  with  diorite.     The 

"y^in  occupied  the  line  of  a  fault.     There  are  places  where  the  vein  was  small,  but 

*^   was  large  at  the  very  bottom.     There  was  a  bonanza  at  the  surface  and  another 

^^  400  feet ;  the  latter  was  richer,  but  not  so  extensive  as  the  one  on  the  surface. 

^-^rifting  was  done  from  the  m.iin  shaft.     The  Duncan  mine  was  worked  to  a  depth 

^^  over  700  feet  ;  it  did  not  i>ay  upon  the  wliole,  but  I  think  it  might  i)ay  if  it  was 

followed  nip.     They  took  out  sr>me  ver}'  fine  silver  ;  one  piece  was  three  or  four 

J^Q^hes  long  by  one-sixteenth  of  an  inch  thick,  from  where  the  vein  cut  the  syenite. 

^■^ere  was  also  very  rich  silver  in  the  slate  near  the  surface.    I  think  about  830,000  '^^  l>ancan 

^as  taken  out,  and  the  mill  worked  about  a  month  or  two.     They  shipped  the  rich 

^«^  of  that  mine  from  Port  Arthur  :  it  would  go  from  81,000  to  81,500  a  ton— that 

^"*»  selected  of  course.     The  company  must  have  spent  8200,000  altogether.     They 

*ollowed  the  vein  the  whole  depth  of  the  shaft,  and  it  was  not  lost  at  any  point  ; 

^t  Was  strong  to  the  very  last.      It  is  a  fissure  vein  in  a  fault,  with  the  down-throw 

^pon  the  south  side  ;  the  upper  part  of  the  rock  is  clay  slate  and  chert.     Tli^  ^^^m 


niikttor  is  nearly  altogether  calcspar,  and  it  carrieH  sulphate  of  zinc,  ealeiu,  iron 
pyrites,  silrt;r,  na^tive  and  glance.  It  is  12  feet  wide,  about  vertical,  ana  the  coune 
about  east  and  west.  Tile  mine  was  uporaled  by  on  American  companf.  The 
reasiin  it  closed  down  was,  they  got  tired  spending  money  without  getting  any  return. 
Work  was  abandoned  about  1882,  having  been  carried  on  at  intervtUE  since  1667.  The 
deptli  of  the  ahaft  is  about  700  feet,  but  they  tested  with  a  diamond  drill  lower  than 
that.  I  liave  visitod  the  Braver  mine.  The  formation  is  black  clay  slate  under  a 
Bavermliie.  thick  bed  of  Crap  ;  the  slate  Seems  to  be  pretty  thick,  perhaps  300  {eet,  and  then  it 
changes  to  a  silicious  slate.  The  owners  started  mining  in  the  clay  slat«B  under 
the  bed  of  trnp  and  found  nice  silver  bore  and  there,  but  the  vein  was  only  about 
two  or  three  foet  wide  ;  these  booanzaa  wore  not  very  extensive,  but  last  year  th^ 
struck  a  large  one  about  1,500  feet  from  where  they  entered  in  the  drift.  For  a 
couple  of  hundred  feet  the  vein  was  very  rich  and  large^the  rich  part  would  go 
about 8-i,OOOor$3,OOOtothe ton.  They tookoutsome8300,000or8400,000of or»,aDd 
they  are  slill  ))roaecuting  the  work.  They  ship  the  rich  ore  and  have  it  amelUd  ; 
Sliver  Mountain  ^t  the  niilb  tliey  have  the  concentrating  or  amalgamating  jirofcess ;  the  common  ore 
*'  they  reduce  tlienuelves.     At  the  Silver  Mountain  mine  ^ey  have  got  down  about 

400  feet.     At  the  beginning  very  heavy  sUver  was  found  there, 
but  I  don't  think  il  has  paid  for  the  outlay  as  yet.     Silver  veins 
in  tliis  country  are  fissure  veins  cutting  cbr^iugh  horizontal  slate. 
I    The  Beaver  vein  runs  north  and  south,  and  the  vein  at  the 
Badger  is  about  the  same  course.     The  Rabbit  Mountun  vein 
is  north-east  and  south-west.     The  general  direction  of  the  sil- 
ver veins  is  cast  and  west ;  very  few  are  north  and  south  except 
I    Silver  islet.    The  Duncan  and  Silver  Mountain  Tcins  are  ea^ 
I  west.     I  do  not  know  of  any  north  and  south  veins  cxoanng 
t  and  west  ones.     There  must  be  16  or  20  mines  workinv 
altogether.    .In  the  Jarvis  island  mine   they  are  woriiing  and 
getting  somo  silver  occasionally  ;  the  vein  is  fine  looking  but 
they  have  got  vei^y  little  silver  as  yet.     It  is  about  the  same 
formation  a»  Silver  islet.     There  is  barytes  in  the  vein,  but  it 
is  only  being  worked  for  silver.     It  is  hard  to  count  the  silrer 
locations  that  have  been  taken  up  in  this  district,  but  I  think 
there  must  liave  been  more  than  a  hundred.     The  character  of 
I  ore  is  native  silver  and  aulphuret  of  silver  ;  silver  is  also 
found  combined  with  zinc  ore  and  lead  ore — very  commonly 
n-ith  zinc  ore.     The  zinc  ore  is  very  refractory.     It  would  be 
I   easy  to  separate,  only  that  the  silver  is  very  fine  when  it  it 
combined  in  the  crystals  and  cannot  be  separated  by  concen- 
Fig.  acTiioUiintiiiimiini.  trating  work*.     The  veiristone  is  generally  oalcspar,  but  in  a 
BfiOt.  3flo  icrt  t«  I  inch,     fm^  mines  it  is  quartz.     The  common  ore  is  a  ailTer  sulphide 
and  native ;  it  is  associated  with  galena  Homotimes,  but  the  lead  ia  not  usually  rich  in 
silver.     Nickel  has  been  found  with  silver  and  lead.     Difiurent  combinations  of  silver 
with  arsenic:  have  also  been  found.     I  did  not  see  any  red  colored  ore  at  Silver  ialet. 
The  comjiosition  »f  that  vein  is  mostly  calcapar  and  some  quartz,  but  there  is  some 
heavy  spar.     At  Jarvis  island  there  is  a  great  deal  of  heavy  spar,  there  is  iron  pyritea 
in  some  veins,  and  there  is  nickel  in  3A  mine.     In  a  general  way  about  here  silTer 
occurs  as  silver  glance  and  native  silver  in   calcspar,  in  (luartz  occasionally,  and 
occasionally  in  heavy  spar.     Fluorspar  is  common  in  the  Silver  Mountain  country. 
Silver  will  sometimes  be  rich  in  one  i)art  of  a  vein,  and  other  parts  will  be  rich  in 
other  metals  with  but  little  silver.     It  is  not  often  that  we  find  silverin  heavy  spar, 
but  occasionally  we  do  ;  sometimes  we  get  it  plentifully  in  fluorspar,  and  aometimea 
it  is  not  in  it  at  all.     In  the  Silver  Mountain  nnd  the  Babbit  Mountain  mines  it  is 
largely  in  tiuorspar— fluorspar  being  there  the  gangue  of  the  silver.     In  the  Thun- 
der Bay  mine  it  was  in  <)uartz,  and  there  was  but  very  little  in  spar  ;  so  also  io  the 
SUver  Harbour  vein— it  was  rich  in  the  quartz  as  long  as  the  bonanza  laatsd. 

Thiinum  Hooper— 1  have  had  charge  of  the  Beaver  mine  as  superintandent  since 
the  17th  of  March  last.  The  location  is  07  T  in  the  township  of  O'Connor  ;  the 
area  of  the  mine  location  proper  is  ICO  acres,  but  we  control  some  other  locationa. 
One-half  of  the  capital  is  owned  in  Detroit  and  one-half  in  Manistee  ;  none  of  it  is 
Canadian,  General  Alger  and  F.  J.  Heoker  of  Detroit  and  J,  Peters  ot  Manistee 
are  the  owners,  Hecker  and  .Alger  bought  in  on  the  first  of  November  taat,  I  think. 
The  mine  was  first  opened  about  three  years  c^,  and  the  total  amount  of  monej 
expended  up  to  the  Ist  of  August  last  was  S169,2SS.  That  includea  labor,  supplies, 
machinery,  construction  etc,  but  does  not  include  the  land  ;  that  is  what  iaaetually 


199 


expended  here  upon  the  mine.     We  employ  about  SO  hands  now,  and  that  as  been 
*h«>iit  the  average  since  I  came  here — 45  under  ground  and  t35  above  ground.     The 
amount  of  silver  taken  out  up  to  the  present  time,  according  to  the  books,  is  383,630  Product  of  the 
oaoces.     That  would  represent  now  about  96  cents  an  ounce,  but  what  they  have  ™^«- 
*o\t\  has  run  about  a  dollar  an  ounce.  It  has  been  shipped  as  concentrates,  bricks  and 
^eltin^  ores.  The  ore  varies  considerably  in  value  ;  some  is  as  high  as  $5,000  and 
^>O00    to   the   ton,    and    some    hardly    runs    anything.      The    average   of  454 
^^^rels    of     concentrates    shipped    was   847    ounces   to    the   ton,  but   I    cannot 
^^e   you  a    statement  of    the   average  of    the    mill  rock    that    went    through 
^o    mill.       I    think  in   this  section  for  the    amount    of    money  that  has  been 
'P^nt  there  is  a  better  showing  than  in  any  district  I  know  of.  I  consider  the  results 
^eiy  satisfactory.  The  greatest  disadvantage  to  this  district  is  the  want  of  a  railway 
^  get  machinery  and  supplies  in,  and  to  get  the  products  of  the  country  out.      If  Need  of  a  rmii- 
2^ere  was  a  railway  built  I  have  no  doubt  it  would  get  as  good  a  revenue  this  fall  ^^y- 
^it>m  here  as  any  point  of  the  Canadian  Pticific  for  sixty  or  seventy  miles,  and  I  think 
^here  would  be  a  steady  increase  in  the  business.     If  the  railway  were  built  and  the 
^ftriff  done  away  with  it  would  result  m  immense  development,  for  the   mining 
^velopment  of  this  country  is  only  in  its  infancy-.     Tlie  mines  in  this  region  are  the 
-Reaver,  the  Badger,  the  liabbit,  the  Carriboo,  the  Elgin,  the  Yl,  the  Peerless,  the 
Silver  Mountain  east  and  west,  the  Porcupine,  the  Silver  Fox,  the  Crown  Point,  the  Mines  in  the 
Little  Pig,  the  Silver  Creek,  and  the  Big  Harry.     As  far  as  I  know  1  should  say  75  district. 
per  cent  of  the  capital  is  American  ;  the  Beaver,  Badger,  liabbit,  Carriboo,  Yl, 
Peerless,  Silver  Mountain  west  end,  Silver  Fox,  Crown  Point,  Silver  Creek  and 
Big  Harry  are  American ;  the  Elgin,   Porcupine,    Little  Pig  and   Big   Beiir  are 
Canadian  ;  and  Silver  Mountain  east  end  is  English.     In  the  last  four  months  the 
•mount  of  sinking  at  the  Beaver  mine  has  been  I'lS  feet,  and  of  drifting  and  cross- 
cutting  471  feet.     Drifting  costs  S4.70  per  foot  and  sinking  813.50  per  foot.     The  q^^  of  einlcinif 
■halt  is  8  by  14  feet  and  the  drifts  5  by  7  feet,  or  the  width  of  the  vein.     We  pay  and  drillinfr. 
miners  82  to  $2.25  and  laborers  per  day  81.50.     The  miners  work  by  contract  and 
board  themselves  ;  ten  hour.<4  is  a  day's  work.     The  hoisting  engino  GO  h.  p.  under 
60  lb  pressure,  the  compressor  is  75  h.  p.,  the  stamp  mill  200  h.  p.  and  the  saw-mill 
engine  25  h.  p.  ;  we  have  pony  engines  of  8  to  10  h.  p.  each  ;  there  is  a  pumping  ^^^mery. 
engine  of  25  n.  p.,  a  Wortuington  of  40  h.  p.  and  2  Blake  pumps  of  12  h.  p..     We 
H&ve  several  other  small  pumps  on  the  hxiation,  one  being  at  the  lire  department. 
All  the  rest  of  the  Pumps  would  add  about  40  h.  p.  more,  and  one  in  the  stamp  mill 
^l>out  fifty  more.     The  stamp  mill  is  a  Crates.     The  rock  goes  through  the  rock 
l>reaker,  which  is  Gate's  patent,  then  through  two  Imtteries  of  five  heads  each  of 
^xaser  and  Chalmers  patent  stamps,  each  head  weighing  ab«.)ut  850  lb.     We  have 
^x^other  battery  of  ten  heads  at  MurilJo  ready  to  be  brought  and  put  up  when  the 
"^"ork  requires  it     That  will  make  a  capacity  in  running  ore  of  about  50  t^^ns  a  day. 
The  ore  goes  from  the  stamp  mill  to  the  Frue  vanners,  of  which  there  are  four  ;  it  then 
^"Xins  into  the  mullers  which  are  clmrged  with  <juicksilver,  then  to  the  j^rindors,  and 
fixially  into  the  creek.     The  character  of  the  rock  in  which  our  vein  occurs  is  slate, 
^><:>th  the  hanging  and  the  foot  walls  ;  the  slates  are  tilted  on  both  sides, 'generally  up.  Character  of  the 
Od  the  top  of  the  slate  there  is  trap,  in  some  ]>laces  as  much  as  40  or  50  feet.      The 
^^in  is  quartz,  calc  and  heavy  spar,  iron  pyrites  and  silver  ;  the  silver  ore  is  pocketed. 
^V'e  have  also  zincblende,  silver  glance  and  argentine.      There  are  several  cross 
^^ina,  one  of  them  where  we  took  out  quite  a  little  silver  sometime  ago.  Generally, 
*>Ht  not  alwa.vs,  most  of  the  silver  is  found  where  they  join.     The  dip  of  the  vein  is 
^irom  5'  to  18'  from  the  perpendicular  to  the  west.     The  course  of  the  vein  is  nearly 
^orth  and  south,  and  the  average  width  is  about  2i  feet.     We  have  not  had  a  great 
"of  water,  and  I  don't  tlduk  they  arc  much  troubled  with  water  in  this  district. 
e  rocks  are  of  close  formation  and  the  water  only  comes  through  the  vein  itself. 
e  have  one  diamond  drill  here,  and  I  think  it  is  a  very  fine  thing  for  such  work  as 
Ending  out  which  is  the  master  vein  in  case  of  meeting  with  a  horse,  but  I  do  not 
"ttiink  it  is  any  good  to  ascertain  whether  there  is  silver  in  a  vein — that  is,  I  do  not 
'^Ixink  a  vein  should  be  condemned  by  a  test  made  by  a  diamond  drill.     We  can  run 
^  diamond  drill  for  about  75  cents  a  foot,  and  in  this  slaty  formation  we  can  rim  a 
^rill  about  20  feet  in  10  hours.     It  is  very  useful  in  examining  iron  deposits. 

Herbert  Shear — I  am  superintendent  of  the  Badger  Mining  Co.  and  have  been 

'tliree  months  in  this  district.     The  property  consists  (if  parts  of  locations  200  T  and  Badger  mine. 

^Ol  T  in  Gillies,  and  have  an  area  of  200 acres.  I  think  that  the  company  wjis  org}in- 

^«ed  in  April,  1887,  and  a  g(x>d  deal  of  development  work  had  been  done  before  I  xhe  company. 

^same  here ;  one  drift  was  450  feet  and  another  500  when  I  came.     The  capital  stock 

^  the  company  is  $250,000  and  is  altogether  held  by  Americans.     The  president  is 
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J.  M.  Stowell  of  Milwaukee,  the  secretary  is  Walter  Reed,  the  treasurer  C. 
Reed,  both  of  Milwaukee,  and  the  general  manager  is  G.  W.  Robinson  of  Mobile, 
Alabama.  The  original  discoverers  sold  five-eighths  interest  to  Milwaukee  parties- 
for  920,000,  and  Mr.  Robinson  bought  a  one-fifth .  interest  for  $20,000  ;  that  is  all 
the  money  that  has  been  paid  in  to  the  present  time.  Up  to  the  first  of  this  months 
we  have  expended  $18,900.  We  have  made  no  shipments  of  ore  yet,  but  we  have 
about  ten  tons  of  smelting  ore  ready  for  shipment.  It  is  very  rich,  but  we  have 
not  had  it  assayed  ;  it  will  run  anyway  3,000  ounces  to  the  ton — that  is  the  selected: 
ore.  We  have  a  dump  of  mill  ore  that  we  estimate  at  $200  to  the  ton,  but  ny 
assays  have  been  made.  I  do  not  think  the  mill  ore  all  through  will  average  more 
than  $50  or  $60  to  the  ton.  We  have  a  body  of  ore  300  feet  long  that  could  be^ 
stoped  at  the  present  time.  The  average  wid^  h  of  the  vein  is  about  two  feet.  I 
estimate  that  there  is  about  1,300  tons  that  we  can  stope  at  the  present  time,  and 
much  of  it  is  very  rich.  We  employ  54  men,  32  being  underground.  The  average- 
wage  is  about  $2  a  day  for  underground  miners  and  about  $1.60  to  $1.75  for 
surface  hands.  Our  company  intends  to  develop  as  fast  as  possible.  We  are  now 
putting  in  a  hoisting  engine,  and  we  have  a  stamp  mill  under  construction,  Our 
boilers  were  made  in  Peterborough  and  our  engines  in  Milwaukee.  Except  engines- 
and  boilers,  all  machinery  must  be  imported.  Our  hoisting  engine  will  be  60  h.  p. 
and  the  mill  en^ne  100  h.  p.  In  many  instances  failure  has  been  due  to  putting 
up  extensive  works  before  the  amoimt  of  ore  minec'  would  justify  it.  1  would 
advise  people  before  running  into  expense  to  wait  till  there  is  a  sufficient  show  to 

i'ustify  it.  To  ship  ore  to  Port  Arthur  would  cost  about  $6.60  a  ton  for  freight  and 
lauling.  If  we  had  a  railway  I  think  it  would  cost  about  $1.60  a  ton  from  the  mill 
to  Port  Arthur.  We  intend  to  ship  this  week  to  Newark,  New  Jersey,  and  it  wilt 
cost  about  $12.50  a  ton  all  rail. 

Charles  Hopkhis — I  have  been  mining  in  the  lake  Superior  district  for  about 
thirteen  years,  exclusively  at  silver  mining,  and  I  have  been  captain  of  the  Badger 
for  seventeen  months.  The  course  of  the  Badger  vein  is  north-west  by  south-east. 
The  rock  is  slate,  but  there  is  about  30  feet  of  trap  on  the  top.  We  are  down 
about  63  feet  in  the  slate..  The  vein  is  calcspar,  fluorspar  and  quartz :  quartz  is 
next  the  foot  and  spar  next  the  hanging  wall.  Sulphuret  and  native  silver  occur, 
there  is  some  galena,  blende,  iron  pyrites  and  black  blende.  The  silver  is  chiefly 
in  sulphurets  ;  there  is  some  native  silver  which  is  found  iu  the  trap  mostly,  very 
little  in  the  slate.  The  silver  is  pretty  evenly  distributed  throughout  the  vein. 
There  are  two  adits ;  the  upper  one  runs  along  the  course  of  the  vein  530  feet ; 
there  is  310  feet  ready  for  stoping  and  it  is  a  very  promising  exposure.  All  our 
underground  mining  is  done  by  contract.  Firewood  does  not  cost  much  now — 
about  80  cents  a  cord  and  50  cents  for  hauling,  about  $1.30  altogether;  but  the 
cost  will  increase  as  the  wood  has  to  be  hauled  a  greater  distance. 

Henry  Rothwell — I  am  connected  with  the  Carriboo  mine,  which  is  situated  on 
lot  3,  3rd  concession  of  Paipoonge,  to  the  east  of  Beaver  Mountain  mine,  the  loca- 
tion comprising  2,300  acres.  There  is  about  800  feet  drifted,  and  quite  a  little^ 
cross-cutting.  There  are  two  adits,  but  the  work  done  so  far  is  purely  exploratory. 
The  vein  matter  is  18  to  28  inches.  We  have  not  as  yet  taken  out  much  ore,  but 
simply  samples,  and  we  have  not  shipped  any  at  alL  1  discovered  three  veins  on 
the  location,  but  as  yet  two  of  them  have  not  been  touched  ;  their  general  direction 
is  north  and  south.  The  gangue  of  our  vein  is  about  the  same  as  the  Beaver.  I 
should  call  it  a  fissure  vein  ;  it  has  the  best-defined  foot  wall  in  this  district. 
The  country  rock  is  very  badly  broken,  and  we  often  find  leaf  silver  as  far  as  three 
feet  outside  of  the  vein.  Native  silver,  zincblende  and  galena  are  found  in  the  vein,, 
.which  is  spar  mixed  with  slate,  there  being  a  great  deal  of  slate  in  the  vein  matter. 
The  dip  of  the  vein  is  20"  to  25**  west  from  the  perpendicular.  We  worked  from 
last  November  till  the  16th  of  August  with  four  miners,  two  surface  men  and  a 
cook.  The  wages  were — for  miners  $2  to  $2.25,  surface  men  $1.75,  and  the- 
cook  $35  a  month.  There  was  not  a  shot  put  in  till  we  went  to  work.  Two  of  tlie^ 
owners,  Messrs.  Barringbon  and  Wilson,  reside  in  Saginaw,  and  the  other,  Hiram 
Siley,  in  New  York.  So  far  we  have  spent  about  $6,000  in  developing,  but  we 
have  not  got  any  machinery  yet.  I  consider  the  indications  extremely  favorable. 
We  stopped  work  this  week,  and  cannot  go  on  till  there  is  a  railway  or  some  other 
way  of  getting  into  the  country  better  than  at  present.  I  have  been  exploring  here 
about  twelve  months,  and  I  think  this  is  going  to  be  a  permanent  mineral  country. 
I  agree  with  Captain  Hooper  that  the  return  for  the  investment  has  been  very 
satisfactory.  It  is  a  misfortune  that  a  great  many  claims  are  held  by  persons  of 
limited  means,  who  have  not  the  capital  to  go  on  and  develop  the  property  they  hold. 
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W.  N.  MoTdgomery —Crown  Point  mine  is  location  95  R.,  consisting  of  165 
acres  on  the  east  side  of  Silver  mountain.     We  began  to  develop  the  mine  three  Crown  Point 
years  ago,  and  have  driven  two  drifts,  one  about  128  and  the  other  about  275  feet.  °^^' 

1  think  they  are  both  on  the  same  vein,  but  there  is  no  connection  between  them 
yet.  The  width  of  the  vein  where  I  struck  it  first  in  drifting  is  eight  or  ten  inches, 
and  a  short  distance  from  that  it  widened  to  3^  feet  and  then  narrowed  down  to 

2  feet  again.  There  have  been  several  variations  of  the  width  of  the  vein.  Two 
assays  of  the  ore  have  been  made,  the  result  of  one  being  165  oz.  to  the  ton.  I 
took  some  out  of  the  drift  without  picking  which  went  $16.40  silver  and  $1.60  gold 
to  the  ton.  The  vein  is  in  slate  ;  sometimes  the  wall  is  clear  and  sometimes  it  if! 
mixed.  The  distance  between  the  drifts  is  65  feet,  but  I  think  the  ore  is  better  in 
the  lower  than  in  the  upper  one.  The  upper  drift  is  in  the  slate,  above  which  is 
trap.     We  have  both  native  silver  and  sulphurets. 

T.  H.  Treihewey — I  have  been  at  East  Silver  Mountain  mine  since  a  year  ago 
last  Octobei,  and  have  been  connected  with  mining  operations  since  1865.  I 
worked  formerly  at  Gape  Mamainse.  Our  company,  known  as  Silver  Mountain  ^Mt  Silver 
mining  company,  was  organised  a  year  ago  last  October  and  commenced  opera-  *'*>'*"***°  ixAnt. 
tions  right  away.  Before  this  company  acquired  the  property  a  Cleveland  company 
worked  it  for  some  time.  1  think  the  stock  of  the  company  is  $150,000,  but  1 
cannot  tell  you  who  the  stockholders  are  ;  it  is  an  English  company.  The  property 
comprises  locations  E«  53  and  R  54,  Lybster,  and  having  an  area  of  1,158  acres. 
We  nave  two  levels,  one  of  700  feet  and  the  other  1,4^  feet.  The  700  level  is 
from  110  to  120  feet  below  the  top  of  the  mountain ;  the  other  is  74  feet  below 
that,  and  from  the  bottom  of  one  level  to  the  bottom  of  the  other  is  81  feet.  We 
have  two  shafts,  one  110  feet  deep  and  the  other  something  over  400  feet.  That 
work  has  been  mainly  done  since  I  have  been  in  charge.  The  Cleveland  company 
had  one  drift  of  160  feet,  and  that  is  included  in  the  700  feet  level.  There  is  Deyelopment  of 
also  what  we  call  No.  1  shaft,  80  feet.  Our  company  has  spent  in  labor  and  machinery  the  property-, 
about  $86,000  or  $90,000,  and  the  Cleveland  company  spent  about  $20,000,  making 
about  $100,000  altogether.  There  has  been  shipped  about  four  on  five  tons,  which 
would  average  about  $1,000  a  ton.  We  have  1,200  to  1,500  tons  on  hand.  Our 
mill  rock  runs  from  10  to  18  oz.  per  ton,  10  oz.  being  the  poorest.  Assays  of 
selected  specimens  have  gone  about  $4,000  or  $5,000  a  ton.  The  width  of  the  vein 
varies  ;  at  400  feet  down  it  is  12  feet  wide,  and  there  is  some  very  good  ore  down 
there,  but  the  best  so  far  has  been  got  near  the  surface.  I  cannot  say  how  much 
ore  we  have  in  sight,  as  we  have  not  yet  developed  enough  ;  my  idea  is  to  develop 
till  we  have  two  years'  stock  of  ore  on  the  dump  and  two  years'  in  sight ;  before 
that  I  do  not  propose  to  erect  a  stamp  mill.  We  intend  to  ship  our  richest  ores. 
I  think  we  are  going  to  have  some  very  fine  mines  in  this  country.  The  develop- 
ments so  far  have  been  very  satisfactory.  There  is  some  gold  in  our  ore,  from  $1 
to  $8  and  $4  a  ton,  but  it  is  only  very  occasionally  that  we  test  for  gold.  I  do  not 
think  it  would  pay  to  treat  our  ores  for  gold.  The  course  of  the  vein  is  about  east 
and  west.  It  does  not  outcrop  through  the  trap.  The  mountain  here  is  about  800 
feet  high.  We  have  made  six  openings  on  the  plain  below,  and  traced  the  vein 
about  300  feet ;  it  is  there  from  four  to  six  feet  wide.  The  mill  rock  from  the  plain  is 
about  the  same  in  character  as  from  the  mountain,  and  will  pay  about  $14  a  ton. 
The  rock  that  bears  the  silver  here  is  the  same  as  that  of  the  Beaver  and  Rabbit 
Mountain  mines,  and  the  gangue  is  alao  the  same.  It  is  chiefly  calcspar,  flour- 
spar,  heavy  spar  and  quartz  bearing  iron  pyrites,  blende  and  silver.  The  silver 
occurs  as  native  silver  and  silver  glance.  As  we  get  down  the  best  mineral-bearing 
rock  is  on  the  hanging  wall.  It  is  calcspar,  flourspar,  and  heavy  spar,  but  chiefly  .  *«  #  th 
calcspar.  The  vein  is  richest  where  the  width  is  from  three  inches  to  three  feet.  Our  vein^ 
shaft  is  down  about  400  feet,  and  that  is  about  the  junction  of  the  slate  with  the 
cherty  limestone  on  the  hanging  wall.  The  depth  of  the  trap  is  about  twenty  feet, 
and  1  think  the  depth  of  the  slate  is  about  300  feet.  The  vein  is  generally  richer  in 
the  trap,  but  after  reaching  the  cherty  limestone  we  got  a  better  average,  the  vein 
being  more  massive  and  more  uniform  in  width.  It  is  a  true  fissure  vein  ;  we  have 
not  got  any*cro8s  veins  as  yet ;  we  get  a  few  little  strinsjers  occasionally  ;  the  vein 
matter  at  the  junction  of  these  little  stringers  is  about  the  same  ;  it  is  not  particu- 
larly rich  at  the  point  of  contact.  We  have  45  men  working  now,  24  of  whom  are 
working  underground.  We  pay  miners  from  $52  to  $65  per  month — $52  by  the  day 
and  about  $65  by  contract,  and  to  outside  men  we  pay  $45.  For  drifting  by  contract 
we  pay  from  $5  to  $14  a  foot,  the  men  paying  for  caps,  fuse,  powder  and  candles.  Wages  and 
Our  drifts  are  six  by  seven  feet.  In  the  slate  the  drifting  costs  about  $6,  but  where  ™*«*»*°«'y- 
the  vein  is  massive  we  pay  about  $14.     We  have  not  done  any  stoping  yet.     The 
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boiler  and  air  compressor  cost  about  $2,500  ;  the  hoisting  engine  and  boilers, 
$3,000;  four  drills,  81,000;  two  pumps,  $460;  3,000  feet  of  pipe,  $1,000. 
Counting  machinery  and  tools,  all  would  come  to  about  $10,000.  We  have  two 
teams  of  horses,  sleighs  and  waggons.  The  hoisting  engine  is  60-horse  power,  and 
the  compressor  about  20-horse  power. 

Henry  H.  Nicols — The  property  of  West  Silver  Mountain  mine  is  held  by  my 
brother,  H.  M.  Nicols  of  Denver,  and  is  composed  of  55,  56,  and  57  R  in  the 
township  of  Lybster,  240  acres.  I  came  here  about  the  1st  of  June  as  manager.  The 
shaft  is  down  about  45  feet.  I  cannot  say  how  much  has  been  expended  here,  but  we 
have  not  drifted  any.  The  vein  is  well  defined,  and  as  exposeil  is  8  feet  wide,  but 
we  have  only  touched  one  wall,  so  it  must  be  another  foot  anyway.  The  wall  is  slate 
but  the  cap  of  the  mountain  is  trap.  We  took  out  about  a  ton  and  a  half  of  what  I 
consider  very  good  ore  from  the  excavation  we  were  making  for  the  shaft  house. 
When  I  came  here  there  had  been  a  cross-cut  of  about  25  feet,  and  the  shaft  had 
been  sunk  about  25  feet.  We  have  assays  made  of  the  ore  which  run  all  the  way 
from  50  to  7,000  and  8,000  oz  to  the  ton.  I  think  the  lowest  assay  I  got  was 
27J  oz.  There  is  silver  glance,  some  native  silver  and  a  trace  of  gold  ;  but  there 
is  no  galena.  In  Colorado  we  have  but  very  little  trap,  and  the  veins  are  blanket 
instead  of  fissure  veins.  All  the  high  grade  ore  there  carries  more  or  less  galena  ; 
particularly  is  that  the  case  at  Leadville,  where  nearly  all  the  silver  bands  carry 
lead,  which  is  useful  as  a  flux  in  smelting.  There  is  in  Colorado  one  mine  that  paid 
a  dividend  of  $30,000  a  month  for  the  last  nine  months  before  I  left,  and  the  rich- 
ness varies  very  much  there  as  here.  We  employ  about  22  men  here,  and  we  are 
working  another  claim  of  ^0  acres  at  the  west  end  of  Whitefish  lake.  At  this  place 
we  employ  6  men,  underground  at  $2.25  per  day  and  outside  laborers  $1  75  to  $2. 
On  the  other  claim  we  have  12  men,  but  very  little  as  been  done  there  yet.  We  had 
to  commence  there  in  the  woods,  and  have  to  pack  back  three  and  a  half  miles  from 
the  end  of  the  lake  ;  that  is  claim  264T  ;  it  is  14  miles  from  here.  The  vein  looks 
Other  locations,  very  promising.  There  are  two  other  claims  further  west  in  which  they  say  they 
trace  our  vein.     Most  of  the  capital  invested  in  this  district  is  American  I  think. 

Ambrose  Cyrette — I  have  been  in  this  country  since  1862,  and  during  that  time 
I  have  paid  a  great  deal  of  attention  to  minerals,  and  have  explored  the  shore  of 
lake  Superior.  I  discovered  the  3  A  mine  and  got  $7,000  for  the  property.  The 
vein  was  12  feet  wide.  There  has  not  been  any  work  done  on  it  for  some  years,  as 
there  has  been  a  lawsuit  about  it.  If  the  matter  were  arranged  and  the  mine  worked, 
I  think  there  would  be  a  splendid  return.  It  is  12  miles  from  here  to  the  mine.  I 
took  up  a  location  at  Little  Pic  river  and  had  a.<?says  made  that  showed  as  mnch  as 
$218  of  silver.  There  are  a  great  many  veins  there,  but  no  developement  work  has 
been  done. 

John  C.  Hdskins — I  came  to  Port  Arthur  in  1872,  and  am  familiar  with  the 
mining  carried  on  in  this  country.  We  worked  four  men  in  1872  and  till  the  close 
of  navigation  in  1873.  We  found  silver  and  gold  and  had  assays  made.  The  best 
ore  was  $13  to  the  ton  in  silver,  and  $7  in  gold,  and  the  deepest  pit  would  not  be 
more  than  15  feet.  The  veins  are  in  green  slate  and  the  main  one  is  about  4  feet 
wide  ;  there  are  three  or  four  others.  I  am  interested  in  Silver  Hill  and  Silver 
Falls  locations  and  have  spent  $6,000,  all  of  which  but  about  $800  was  for  develop- 
ment. I  had  to  stop  a  little  over  a  year  ago  on  account  of  the  want  of  capital.  The 
trap  there  is  about  50  feet  deep.  Work  commenced  in  the  trap  and  went  down  to 
the  slate  ;  we  have  just  come  to  the  slate  now,  but  we  had  to  abandon  one  shaft  at 
27  feet  down  on  account  of  the  water.  The  vein  is  a  remarkably  fine  one,  and  is 
fully  18  feet  wide  where  we  struck  it,  just  where  four  veins  join.  I  think  this  is 
one  of  the  finest  mining  regions  in  the  world,  and  I  have  been  working  at  mining 
since  I  was  twelve  years  of  age. 

William' Murdoch — A  rich  vein  has  been  opened  by  the  Silver  Islet  company 
at  Edward's  island,  from  which  arsenical  silver  was  got.  Large  works  have  been 
erected  there,  but  nothing  is  being  done  at  present.  The  whole  matter  is  at  a 
standstill  on  account  of  legal  and  financial  embarrassments. 

WalpoleRoland — laminte  rested  as  agentinapropertyknownaatheSilverGlance. 
It  is  on  the  west  boundary  of  Strange,  in  the  unsurveyed  district.  We  have  sunk  20 
feet  in  one  place  and  15  feet  in  two  other  places,  and  the  vein  varies  in  width  from 
4i  to  6^  feet.  The  assays  go  from  50  to  20,000  oz.  per  ton.  It  is  iuUy  equal  to  any- 
thing we  have  in  this  country.  An  English  company  is  prepared  to  put  up  $20,000 
at  once.  There  is  a  location  to  the  south  of  that  about  three  miles,  near  Wolverine 
lake,  owned  by  the  same  parties.     One  pit  as  been  sunk  30  feet,  they  are  both  in 
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the  same  kind  of  black  slate.     There  are  two  veins  upon  this  property,  one  running  Locations  in 
east  and  west  and  one  north-east  and  south-west,  the  width  in  both  cases  being  4  unsurveyed  ter- 
feet,  but  opening  up  in  places  to  eight  feet.      Assays  show  from  29  to  2,000  oz  to  '^^'7- 
the  ton.     West  Silver  Glance  is  the  property  of  W.  A.  Allan  of  Ottawa,  and  consists 
of  19  and  20E  and  238R.      There  is  a  strong  lode  on  the  property,  assaying  511  oz. 
to  the  ton  of  black  and  native  silver. 

WUliam  BusseU — We  have  a  north-west  and  south-east  system  of  silver  veins 

to  -which  the  Beaver  and  Silver  islet  belong,  and  an  east  and  west  system  to  which 

the  Silver  Mountain  mines  belong.    The  Badger  is  the  same  as  the  Beaver,  but  the 

nutjority  are  east  and  west,  or  a  little  north  of  east.  The  thickness  of  the  veins  varies 

▼ery  much  ;  one  I  am  interested  in  is  only  nine  inches  in  width,  yet  I  think  a  great 

deal  of  it.     It  carries  sulphuret  of  silver,  native  silver,  zincblende  and  galena  ;  the  systema  of  veins 

^ein  80  far  is  quartz  with  a  little  spar.     Assays  vary  very  much  in  the  same  vein ;  I 

^ve  had  them  where  the  result  was  almost  nothing,  and  sometimes  they  would  go 

fM  high  as  $3,000  or  $4,000  to  the  ton  ;  but  there  is  not  such  great  difference  as  that 

in  the  same  vein  as  a  rule.    We  have  not  got  a  steady  low  grade  ore  in  this  country. 

It  occurs  in  bunches ;  we  may  find  ore  for  over  100  feet  that  will  pay  well,  and  then 

^e  may  find  a  long  stretch  of  the  vein  that  is  worth  nothing.  The  galena  here  is  not  as 

*  rule  argentiferous,  being  generally  87^  lead  and  12J  sulphur.     The  galena  from  Sj'iff^the^Sr©!^ 

the  Silver  Islet  vein  will  not  go  more  than  $3  per  ton.     In  a  few  cases,  as  in  the 

Heaver  mine,  we  find  the  galena  apparently  rich  in  silver,  but  I  do  not  think  it  is 

d&emically  associated  with  the  silver  ;    I  think  the  silver  occurs  in  the  cleavat^es. 

Zincblende  is  sometimes  rich  in  silver,  as  shown  at  the  Porcupine  and  the  Silver 

Hill  mines  (70R). 

James  Millar—  We  have  come  across  galena ^at  Silver  creek  ;  the  vein  runs  east 
and  west  and  the  surroundings  are  about  the  same  as  at  the  Vict<.)ria  mine.     We  UJ^Jft'st©  Marie 
o^m  two  locations  at  Thessalon,  near  the  dock  ;  the  vein  runs  east  and  west  and  district, 
ca&xries  galena  ;  the  gangue  is  calcspar  and  one  can  hardly  tell  it  from  Silver  islet 
•par.    .The  country  rock  is  trap.     This  g;ilena  carries  silver.     An  assay  from  the 
Silver  creek  vein  shows  $82  silver  and  a  trace  of  gold  ;   other  assiiys  show  838, 
(39,  $48,  and  as  low  as  $2.50.     The  vein  is  from  twenty  to  twenty-four  inches 
wide,  principally  slate.     We  sank  two  shafts  on  different  veins,  one  42  feet  and  the  ?**^®r  ^'^^ 
other  12  feet ;  there  are  five  veins  on  the  property  close  together.    The  vein  matter  ^*^  *°"* 
is  mainly  chloritic  slate  and  the  walls  granite.     I  have  heard  that  lead  lias  been 
found  on  the  Goulais  river,  back  from  the  front  some  15  miles.     The  Indians  bring 
specimens  of  iron  pyrites,  galena  and  copi)er  pyrites,  but  I  cannot  say  where  from 
as  they  will  not  tell.    The  location  on  Thessalon  river  is  on  the  Indian  reserve,  but  Yheaaai 
I  cannot  tell  the  number  of  the  lot ;  there  are  84  acres  on  the  main  land,  and  we  district 
have  a  small  island  half  a  mile  east  of  the  river.     The  matrix  is  altogether  spar, 
rather  soft  and  of  a  pink  color  ;    I  don't  think  there  is  any  quartz.     The  vpin  is 
about  2J  feet  wide  on  the  surface,  but  we  have  only  gone  down  three  feet ;  the 
aasaysshow  silver  $7.25  and  gold  $2.25.      James  Dobie  is  interested  in  this  pro- 
perty with  me  and  it  is  our  intention  to  develop  it.     On  lot  1  in  the  5th  concession  silver  in  Druiy 
ii  r^ry,  we  found  a  silver-lead  vein  that  runs  $40  to  the  ton. 

B,  E.  Bailey — My  company  has  a  property  on  Grarden  river,  west  of  the  Victoria 
mme  about  four  miles  ;  it  is  silver-lead,  and  it  shows  as  high  as  3^  a  ton  in  the  Garden  riyer 
pure  lead  without  taking  the  quartz  with  it.     The  vein  runs  north-wost  and  south-  lo<»t*on- 
east  but  is  not  regular  ;  the  country  rock  is  trap,  with  some  greenstone  ;  it  is  of  a 
different  character  from  the  Victoria  mine.     The  vein  matter  is  in  places  20  feet 
wide,  where  the  (juartz  is  stratified  with  the  rock. 

E.  Norris — From  what  I  have  seen  and  learned  I  think  lead  and  silver  w^ill  pay 
the  tsault  Ste.  Marie  district.    At  Batchawana  I  have  seen  a  great  many  really  good 
specimens  brought  in  by  a  man  named  Frank  Valloquette,  who  has  been  exploring  An  explorer's 
we  district  for  the  last  ten  or  twelve  years  ;  but  he  has  liad  a  claim  jumped  once  *P«°*"»«°»- 
and  will  not  tell  where  he  got  them.    He  showed  me  one  specimen  he  got  ten  miles 
back  from  the  lake  that  was  really  wonderful. 

jB.  Heclley — I  have  seen  some  galena  in  the  Sudbury  district,  but  rarely,  and 
I  cannot  say  whether  it  exists  in  paying  quantities.  I  had  one  siimple  of  galena 
carrying  24  oz.  of  silver  per  ton,  and  the  galena  would  run  60  per  cent.  lead.  I 
have  seen  quartzose  ores  with  a  sprinkling  of  galena.  One  in  Lome  townshi])  has  the  suSSir  *** 
diorite  on  one  side  and  something  between  diorite  and  greenstone  on  the  other  ;  district. 
the  vein  is  from  fourteen  to  twenty  inches  wide.  Another  vein  in  the  same  town- 
ship is  in  homblendic  schist  on  both  sides.  In  Denison  a  vein  has  been 
traced  a  considerable  distance  which  gives  4  dwt. ,  and  is  in  a  micaceous  slate. 
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W.  T,  Nefvoman — I  found  a  silver  vein  on  an  island  in  the  west 
Iii*l»ke  Nipias-    Nipissing.    The  island  is  very  small,  about  the  size  and  shape  of  Silver : 
^^*  vein  is  four  to  six  feet  wide  and  carries  silver  sulphuret.     There  is 

but  granite  on  the  island. 

ZINC. 

Zincblende  occurs  in  nearly  all  the  silver-carrying  veinB  in 
tho^PorTiS^m'  -^^^'^^  district,  and,  as  already  pointed  out,  usually  holds  silver.  It  ifl 
<Uatrict.  that  the  silver  in  this  blende  is  altogether  in  a  mechanical  and  not  % 

association  with  it.    There  is  reported  to  be  at  least  one  large  de] 
blende  which  it  is  believed  could  be  worked  profitably,  but  the  Comi 
were  not  able  to  visit  the  place. 

A    COLLECTION    OF    MINERALS. 

The  Oommissioners  made  it  part  of  their  duty  to  collect  typical 
of  minerals,  with  accompanying  rocks  from  the  mines,  mineral  h 
works  which  they  visited.     As  has  been  before  stated  lack  of  time 
impossible  to  make  this  collection  as  complete  as  might  be  desired, 
believed  that  the  accompanying  wall  rocks  and  country  rocks,  w] 
?*!l^*®®!*,^^*y  obtained  wherever  available,  will  make  the  collection  as  far  as  it 

of  the  coUeotioD.  ...  <>i        u 

peculiar  interest  and  value  to  mining  men  and  scientista  Should 
emment  entertain  with  favor  the  suggestion  of  a  provincial  mi 
collection  of  minerals,  it  would  be  advisable  to  take  into  oonsidei 
importance  of  associating  accompanying  minerals,  the  wall  rocks  M 
country  rocks,  with  the  various  ores  collected.  This  would  add  to  tli0' 
tific  value  of  the  collection  a  practical  utility  which  would  commend  ttl 
once  to  the  mining  man  and  prospector. 
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W,  T.  Nefvoman — I  found  a  silver  vein  on  an  island  in  the  west  end  ol 
in-iAke  NipiM-  Nipissing.  The  island  is  veiy  small,  about  the  size  and  shape  of  Silver  iil«k 
^'  vein  is  four  to  six  feet  wide  and  carries  silver  sulphuret.     There  is  nothing 

but  granite  on  the  island. 

ZINC.  ,       ■ 

Zincblende  occurs  in  nearly  all  the  silver-carrying  veins  in  the  ]     ' 
the^PortA^m-  -^"^^^^  district,  and,  as  already  pointed  out,  usually  holds  silver.   It  is  belto    : 
district.  that  the  silver  in  this  blende  is  altogether  in  a  mechanical  and  not  a  chenb   ' 

association  with  it.  There  is  reported  to  be  at  least  one  large  deposit  of  A 
blende  which  it  is  believed  could  be  worked  profitably,  but  the  CommissioiM 
were  not  able  to  visit  the  place. 

A    COLLECTION    OF    MINERALS. 

The  Oommissioners  made  it  part  of  their  duty  to  collect  typical  specimei 
of  minerals,  with  accompanying  rocks  from  the  mines,  mineral  locations  am 
works  which  they  visited.     As  has  been  before  stated  lack  of  time  made  h 
impossible  to  make  this  collection  as  complete  as  might  be  desired,  bat  it  ii 
believed  that  the  accompanying  wall  rocks  and  country  rocks,  which  wen 
The  peculiarity  obtained  wherever  available,  will  make  the  collection  as  far  as  it  goes  d 

of  the  collection.  '  ^        ^  ° 

peculiar  interest  and  value  to  mining  men  and  scientista  Should  the  gov* 
emment  entertain  with  favor  the  suggestion  of  a  provincial  museum,  oi 
collection  of  minerals,  it  would  be  advisable  to  take  into  consideration  the 
importance  of  associating  accompanying  minerals,  the  wall  rocks  and  the 
country  rocks,  with  the  various  ores  collected.  This  would  add  to  the  scien* 
tific  value  of  the  collection  a  practical  utility  which  would  commend  itself  al 
once  to  the  mining  man  and  prospector. 
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SECTION  III. 

.UENCE    OF    COMMERCIAL    CONDITIONS     UPON    THE 

MINING    INDUSTRY. 

^he  mineral  deposits  of  the  province  of  Ontario  are  widely  spread, 
.  in  character,  and  cover  almost  the  entire  list  of  economic  minerals 
bhe  exception  of  coal.    The  counties  of  Leeds,  Lanark,  Renfrew,  Fron- 

Addington,  Hastings,  Peterborough,  the    districts  of    Nipissing  and  J^J*  ^**ti,^ 
la  East  and  other  portions  of  eastern  and  central  Ontario  contain  num-  °^°®'^  '«• 

^  sources  of 

deposits  of  magnetic  and  hematite  iron  ores,  and  the  discoveries  now  <>°^rio- 

over  a  wide  area  of  country  would  seem  to  warrant  the  belief  that  as 
»pment  proceeds  the  iron  mines  of  this  region  will  be  found  to  be  of 

extent   and   value.       It  also  appears    that    this    region    is   rich  in 

lates,   gold,    silver,   copper,    lead,   plumbago,    nickel,    arsenic,    mica  Eastern  Ontario 

ibestos  ;  granite,  marble  and  freestone  in  great  variety  and  of  excellent 

f ;  apatite,  bary tes  and  lithographic  stone  ;  while  even  rubies,  saphires 

neralds  have  been  found.      In  the  Sudbury  region  enormous  deposits 

per  and  nickel  ore  have  been  discovered,  and  mines  on  an  extensive 

.re  being  developed.      In  the  township  of    Denison,  between  Sudbury  *"*? u!k^^u^ 

ke  Huron,  rich  specimens  of  gold-bearing  quartz  have  been  taken  from  <ii>^ct. 

3rmilion  and  other  mining  locations,  and  promising  deposits  of  copper 

ckel  have  also  been  discovered.    On  the  north  shore  of  lake  Huron,  from 

ney  to  Sault  Ste.   Marie,  and   convenient  to  navigation,    are  found 

opper,  lead  and  immenFi  quarries  of  marble.     Northward  of  the  Sud- 

listrict  prospectors  report  a  mineral  region  of  great  extent  and  pros- 

B  value,  but  which  can  only  be  developed  through  the  construction  of 

vay.      The  entire  region   north  and  west  of  lake  Superior  abounds  '^ijj  Northern 

aerals  and  valuable  quarries.     Gold,  silver,  copper,  iron,  lead,  nickel, 

ago  and  zinc  are  found  ;  agates  and  amethysts  are  abundant;  while  valu-  The  uke  Su- 

uilding  stone  of  different  kinds  is  spread  over  a  large  area.  On  Black  bay  ^^^^  country. 

immense   quantity   of  granite    of    finer   grain   than  the    Aberdeen  ; 

sandstone  is  found  in  great  bodies  at  Nipigon  bay,  and  a  white  Building  stones, 
one  at  the  head  of  Thunder  bay  which  is  of  the  finest  quality. 
L  sandstone  of  excellent  quality  is  found  in  abundance,  also 
3ne,  serpentine  and  marble  of  different  colors.  The  Port  Arthur  silver 
t,  extending  south-west  from  Port  Arthur  to  the  east  end  of  Arrow 
promises  to  be  an  argentiferous  res^ion  of  great  richness.     Mines  have  ^,?^  Arthur 

"  "  silver  ranga 

>pen€d  over  a  breadth  of  country  extending  twenty  miles  from  north- 
•  south-west,  and  the  range  stretches  some  distance  beyond  the  present 
Df  development.  West  of  the  silver  range  the  Minnesota  iron  range, 
jeliered,  projects  into  the  territory  of  Ontario,  and  it  seems  certain 
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An  extensive     that  an  iron    region  of   larce  area  exists,   embracing  Hanter's  island  and- 
iron ranjre,  ^  ^   o  ^  j  ^  o 

the  adjacent  region.     It  is  not  improbable  that  this  will  prove  to  be  one 

of  the  richest  and  most  valuable  iron  producing  districts  within  the  province 

of  Ontario.     On  the  various  islands  in  the  Lake-of -the- Woods,  and  over  an 

Lake-of-the-       unknown  extent  of  country  around  that  lake,  gold-bearinir  veins  are  namerous 

Woods  gold  ,  ...  .  ,  1        i.  I.  . 

r^ffion.  and  seem  to  indicate  from  the  result  of  assays  of  specimens  and  from  the 

information  obtained  by  partial  exploration  that  this  will  become,  when  its 
mines  are  developed,  one  of  the  productive  gold  regions  of  America.  But 
owing  to  the  impossibility  of  obtaining  titles  while  the  dispute  between  the 
Dominion  government  and  the  government  of  Ontario  was  pending,  none  of 
the  properties  have  been  developed  to  any  extent. 

Though  prospecting  has  been  carrried  on  to  an  extent  which  apparently 

Imperfect  know  justifies  the  conclusiou  that  the  mineral  resources  of  Ontario  are  enormous,  it 

ledife  of  our  1*111  ••  -i 

unexplored  must  be  confessed  that  the  examinations  are  as  yet  incomplete 
"^^^'  and  to  a    large    degree    superficial.        Our    territory  is    of    vast    extent 

The  proportion  of  the  entire  area  settled  and  brought  under  cultiva- 
tion is  comparatively  small.  Great  stretches  of  the  country  north 
of  the  height  of  land,  where  the  formations  warrant  the  expectation 
that  minerals  exist  in  great  variety  and  quantity,  have  scarcely  been  touched 
by  the  foot  of  the  white  man,  and  where  traversed  at  all  it  has  been  except 
in  rare  instances  by  the  trapper  and  hunter,  who  would  either  be  entirely 
ignorant  of  the  nature  and  value  of  mineral  indications  or  incapable  of  forming 
an  intelligent  opinion  upon  them.  But  enough  is  known  to  satisfy  the  careful 

Regions  of  the   observer  that  the  vast  region  north  of  lakes  Huron  and  Superior,  once  believed 

Moose  yftlleVa 

to  be  an  inhospitable  and  worthless  region  of  rock  and  muskeg,  is  possesaed  of 
an  amount  of  mineral  wealth  likely  to  make  it  the  most  valuable  portion  of 
our  grea  province.  That  region  is  also  believed  to  have  extensive  valleys 
40vered  with  heavy  forests  of  hardwood,  and  possessing  a  soil  and  dimate  that 
will  permit  the  growth  of  abundant  and  varied  crops  of  grasses,  grains,  roots 
and  vegetables.  South-west  of  Port  Arthur,  in  the  promising  silver  range 
district,  lies  a  region  possessed  of  great  scenic  attractions,  ridges  of  trap 
rock,  wide  valleys  clothed  with  a  heavy  growth  of  poplar,  birch  and  banksian 
Richness  of  the  pine,  and  having  a  deep  fertile  soil ;  while  beautiful  streams  and  charming 
resrion.  ^  ^^  lakes  combine  to  give  the  region  a  j  ust  claim  to  unsurpassed  picturesqueness  and 
beauty.  Productive  farms  and  happy  homes  will  in  the  near  future  reward 
the  labors  of  the  hardy  settlers  who  are  soon  to  occupy  the  wilds  of  the 
Whitetish  valley  and  the  regions  beyond. 

Of  the  mineral  resources  of  the  territory  recently  in  dispute  between  the 
^*ted  ^territory  governments  of  the  Dominion  and  Ontario,  the  title  to  which  has  been  con- 
firmed to  the  latter  by  the  Judicial  Committee  of  the  Privy  Oouncil,  enough 
is  known  to  warrant  the  belief  that  the  decision  is  one  of  very  great 
moment  to  the  province.  The  extension  of  the  great  Minnesota  iron  range 
into  the  territory  of  Canada  is  within  the  limits  of  the  region  in 
question.  The  mines  of  iron  are  likely  to  prove  excellent  in  quality  and 
practically  limitless  in  quantity,  and  can  be  easily  and  cheaply  brought  to 
Port  Arthur  or  other  lake  Superior  ports  by  railways  of  easy  grades  and. 
moderate  length.       The  whole  of  the  silver-bearing  formation  together  with* 
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the  gold-bearing  district  around  the  Lake-of-the- Woods  are  alsQ  in  this  region, 
and  it  is  far  from  improbable  that  the  present  undeveloped  state  of  the  country 
will  give  place  in  a  few  years  to  extensive  mining  operations,  the  employ- 
ment of  thousands  of  men,  and  a  large  annual  addition  to  the  world's  stock 
of  useful  and  precious  metals.  The  disputed  territory  a^o  has  valuable  areas 
of  pine  lands,  and  an  extensive  region  of  excellent  agricultural  land  in  the 
valley  of  the  Eainy  river. 

MEANS    OF    DEVELOPMENT. 

Tbe  government  of  Ontario  has  heretofore  pursued  a  liberal  and  enlight- 
ened policy  in  promoting  the  construction  of  railway  lines  by  grants  of  public  Moans  of  dc- 
money.  By  means  of  this  aid  many  lines  have  been  constructed  in  the  newer 
sections  of  the  province,  some  of  which  penetrate  the  mineral  districts  and 
furnish  an  outlet  for  ores  and  structural  materials  tliat  would  not  otherwise 
be  accessible.  In  addition  to  the  ores  and  materials  thus  made  available,  the 
mineral  deposits  and  quarries  near  the  waters  of  the  great  lakes,  con- 
veniently situated  for  shipment,  are  numerous  and  abundant.  Very  few  of 
the  mines  that  have  good  facilities  for  shipment  by  rail  or  water  are  being 
worked  to  anything  like  their  capacity  of  production.  The  magnificent 
quarries  of  granite,  marble,  red,  white  and  brown  sandstone,  serpentine  and 
floapstone  situated  at  points  along  the  lines  of  railways,  and  on  the  shores  of 
Huron  and  Superior  where  the  largest  class  of  lake  vessels  can  be  loaded,  are 
scarcely  touched.  Iron  mines,  from  which  it  is  believed  millions  of  tons  of 
ore  might  be  shipped  annually,  are  accessible  or  might  be  easily  made  so. 
Evidently  the  great  want  is  something  else  than  means  of  transportation, 
and  some  enquiry  will  be  made  later  on  as  to  the  cause  or  causes  of  the 
prevailing  stagnation. 

Just  at  present  there  exists  a  pressing  necessity  for  a  short  railway  line 
from  Port  Arthur  to  the  silver  range  district  south-west  of  that  place.  No  claims  of  tbe 
doubt  is  entertained  as  to  the  extent  or  great  value  of  the  silver  lodes  of  that  silver  range. 
section.  Experienced  miners  believe  that  it  will  prove  the  richest  silver 
r^on  in  America.  The  mines  now  opened  are  contending  with  great  diffi- 
culties, arising  from  the  expense  and  delay  attendant  upon  teaming  supplies 
and  minerals  over  a  colonisation  road  never  good,  and  at  times  nearly 
impassable.  A  short  railway  line  would  give  a  wonderful  impetus  to  the 
development  of  the  valuable  mines  now  opened,  and  would  undoubtedly  lead 
to  the  opening  of  many  new  ones  and  to  the  inauguration  of  a  period  of 
great  activity  and  prosperity.  The  road  should  be  built  to  Whitefish  lake, 
a  distance  of  about  45  miles,  as  speedily  as  possible,  and  should  then  be 
extended  from  that  point  westward  into  tbe  iron  range,  so  as  to  effect  a 
junction  with  the  Minnesota  iron  range  road.  The  Dominion  government  has 
voted  a  bonus  of  $3,200  per  mile  for  the  portion  of  the  road  from  Port  Arthur  to 
Gonflint  lake,  a  distance  of  85  miles,  and  the  grant  for  the  shorter  link  by 
the  government  of  Ontario  will  doubtless  ensure  the  construction  of  the  line 
to  the  vicinity  of  Whitefish  lake.  With  this  section  of  the  road  completed  the 
most  pressing  want  of  the  mineral  district  will  be  met,  temporarily  at 
leasty  and  it  is  probable  that  the  company  can  then  command  the  resources 
necessary  to  secure  the  extension  of  its  line  westward. 
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Thftt  the  regum  of  the  Whitefish  vallej  is  one  of  great  pvomiae 
<A^^tpnSmt.  cannot  be  doubted.  The  testimonj  of  mining  experts  from  Ccdondo  and 
other  silver  prodacing  regions  is  unanimons  npon  that  pcMnt.  Actual  derelop- 
ment  has  gone  so  far  as  to  remove  the  question  from  the  regicm  of  qwcolation. 
The  Beaver  mine  wit  opened  three  years  ago.  The  total  amount  of  monej 
expended  up  to  August  1,  1888,  exclusive  of  cost  of  land,  was  $169,288. 
This  included  an  expensive  plant,  consisting  in  part  of  hoisting  machinery 
and  a  large  stamp  mill.  The  amount  of  silver  taken  from  the  mine  up  to 
August  20,  1888,  was  383,630  ounces,  valued  at  $368,285.  There  was  besides 
at  that  date  a  great  amount  of  ore  uncovered  and  ready  to  remove.  Many 
other  mines  have  been  so  far  developed,  too,  as  to  render  it  certain  that  they 
will  yield  highly  satisfactory  return^ 

The  iron  district  is  also  likely  to  prove  of  immense  importance. 
(^tomSSl^  ^'^  Indications  warrant  the  belief  that  the  iron  deposits  in  Minnesota  are  less 
extensive  than  those  upon  the  same  range  within  the  province  of  Ontario. 
The  Minnesota  mines  have  but  recently  been  made  accessible  by  a  railway 
line  from  Two  Harbors  on  lake  Superior,  yet  shipments  from  these  mines 
for  the  last  five  years  show  a  record  strikingly  suggestive  of  a  rapidly  expand- 
ing business.     Following  are  the  figures  : 

1884.  1885.  1886.  1887.  1888. 

Long  tons 62,124  225,484  304,396  390,467  450,475 

With    a   railway   line    in    operation    from    Port    Arthur    westward    and 

south-westward,  iron  ore  can  be  laid  down  at  -Port  Arthur  for  shipment 

practically  at  the  same  cost  for  railway  freight  as  at  Two  Harbors.     It  may 

not  be  necessary  to  push  the  line  beyond  the  silver  district  merely  for  the 

purpose  of  securing  mineral  development  while   the  American  duties  on  iron 

ore  continue,  bat  if  reciprocity  ever  becomes  an  accomplished  fact  a  railway 

line  from  Port   Arthur  to  the  iron  range  could  not  fail  to  be  the  means  of 

developing  an  enormous  business  in  the  mining,  transportation  and  shipping 

of  iron  ore. 

With  the  exception  of  this  line,  and  one  to  secure  competitive  rates  for 

the  Sudbury  district,  there  does  not  seem  to  be  an  urgent  necessity  at  the 

present  time  for  the  construction  of  railways  to  aid  in  mineral  development. 

But   with    a   further  and   greatly   increased   development   of  our    mineral 

resources  extension  of  old  lines  and  construction  of  new  ones  will  doubtless 

become  necessary,  and  sections  now  but  imperfectly  known,  such  as  the 

country  between  the  height  of  land  north  of  lake  Nipissing  and  James  bay, 

will  then  be  able  to  present  strong  claims  for  aid. 

MINING    CAPITAL    AND    MANAGEMENT. 

The  investigations   of  the  Commission  lead  to  the  conclusion  that  more 

than  one-half  of  the  capital   invested  in  mining  operations   in  Ontario  is 

American,  and  that  the  amount  of  Canadian  capital  invested   exceeds  the 

Canadian,  Eng-  amouut  of  English  capital.   The  evidence  also  leads  to  the  conclusion  that  the 

olnarpitat™      American  investments  are  managed  as  a  rule  by  experienced  and  trained 

miiSmropera-     ntt©n,  who  are  capable  of  giving  intelligent  direction  to  the  operations  under 

tiona.  their  charge.     It  is  quite  evident  in  most  cases  that  practical  education  of  a 

thorough  character  has  been  acquired  by  these  American  mine  captains  in 

connection  with  the  prosecution  of  mining  enterprises  in  the  United  States, 
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4fcnd  muAj  of  them  have  also  receiyed  the  advantages  of  technical  education  in 
American  mining  schools.  Canadian  prospectors  and  minors  are  found  as  a 
rale  to  possess  intelligence  and  energy,  but  in  many  cases  they  have  lacked 
opportunity  to  obtain  either  practical  or  technical  education.  It  is  evident 
that  a  Canadian  school  of  mines  would  do  good  service,  and  the  advantages 
to  be  derived  from  such  an  institution  will  be  more  fully  dwelt  upon  here- 
after. Complaints  in  many  instances  are  made  that  English  companies  have 
sent  out  managers  who  knew  little  about  their  business  or  the  requirements 
•of  the  country  and  who  consequently  spent  money  with  very  little  advantage 
to  their  employers,  and  that  in  consequence  of  incompetent  management 
lailure  resulted  and  discredit  has  been  brought  upon  Canadian  mining  invest- 
ments in  the  estimation  of  English  capitalists. 

VALUE   OF    MINERAL    PRODUCTS. 

Reliable  statistics  as  to  the  value  of  the  annual  mineral  products  of 
Canada  or  of  Ontario  are  not  obtainable  except  for  a  limited  period,  and  it  sutiaticsof  pro* 
would  be  too  much  to  claim  strict  accuracy  for  some  of  the  tables  given. 
Almost  the  only  reports  upon  the  production  and  value  of  minerals  in  Canada, 
aside  from  the  census  returns  of  1871  and  1881,  are  the  statistical  reports  of 
the  mining  engineer  to  the  Geological  Survey,  to  whose  reports  for 
1886  and  1887  the  Commission  is  indebted  for  information  regarding 
Canadian  mineral  production.  The  census  returns  of  1871  and  1881  give  the 
quantities  of  raw  minerals  produced  in  Canada  for  the  years  1870  and  1880 
respectively,  but  they  fail  to  furnish  information  as  to  values.  From  these 
sources  a  comparison  of  the  mineral  production  of  Canada  for  the  years  1870, 
1880  and  1887  may  be  made  as  to  quantities,  as  also  a  comparison  of  the 
Oiineral  production  of  Ontario  for  the  same  years,  those  for  1887  being 
taken  from  the  Geological  Sur^rey  report  as  far  as  returns  aie  given. 

MIKSBAL  PRODUCTION  OF  CANADA  IN  THE  YEARS    1870,   1880    AND    1887. 


dactioD. 


Minerals. 


oz. 


«( 


Gold 

SUver. 

Copper  ore tons. 

Iron  ore  ...  

Pyrites  

Mjuiganeee   

Goal 

Plnmbego   

Gypsum,  lump 

Phosphate  of  lime  .' . . 

Mica lb. 

Petroleum,  crude gallons. 

Stone  for  dressing cubicfeet* 

Granite tons. 

Grained  marble cubic  feet. 

Grained  marble tons. 

Salt barreU. 

14  (M.  C.) 


1870. 


(.Quantity. 

22,941 

69,li»7 

13,310 

129,363 

2,800 

636 

671,008 

270 

114,433 

1,980 

4,010 

12,969,435 

5,206,796 


1880. 


8,870 


Quantity. 

70,015 

87,024 

8,177 

223,057 

20.770 

2,449 

1,307,824 

28 

183,076 

14,747 

16,076 

16,490,622 

8,141,227 


40,126 
472,074 


1887. 


Quantity. 
66,270 

•  •••■      •      •      • 

40,800 

76,330 

38,043 

1,245 

2,368,891 


154,008 

23,690 

22,083 

26,737,656 

7,089,984 

21,217 


242 
429,807 


Value. 


$1,178,637 
349,330 
342,340 
146,197 
171,194 
43,658 
4,758,590 


157,277 
319,815 
29,816 
595,868 
652,267 
142,506 


6,224 
166,394 
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MINERAL    PBODUOTION    OF    ONTARIO    IN    THE    TEARS    1870,    1880  AM  D  1887. 


Minerals. 


Gold oz. 

Silver " 

Copper  ore tons. 

Iron  ore " 

Pyrites ** 

Gypsum ** 

Phosphate  of  lime '* 

Mica lb. 

Crude  petroleum gals. 

Salt bbl. 

Grained  marble  cubic  feet. 

Stone  for  dressing ** 

Roofing  slate squares. 

Arsenic lb. 


1870. 

1880. 

1887. 

199 

69,197 

1,934 

30,726 

500 

4,230 

1,975 

152 

87,000 

170 

91,877 

1,180 

5,000 

5,668 

200 

15,490,622 

472,000 

5,000 

3,698,488 

1,530 

450 

190,496 

567 

16.598 

8,560 
4,101 

:      12,969,435 
1 

26,737,666 
429,807 

8.870 

2,093,711    ] 

4,979,603 

13,136 

Petroleum  and 
•alt. 


Production  of 


Ontario  is  the  only  province  of  the  Dominion  which  produces  petroleum 
and  salt ;  and  while  we  could  not  perhaps  hope  to  compete  with  Americtn 
manufacturers  of  illuminating  oil,  there  does  not  seem  to  be  much  doubt  of  our 
ability  to  hold  the  home  market  for  machinery  oils,  as  Petrolia  refiners  are  now 
finding  a  market  for  this  class  of  oils  in  the  United  States.  The  salt  fields  of 
Ontario  have  an  area  of  about  1,200  square  miles,  and  reports  upon  the 
quality  of  the  salt  made  by  American  and  Canadian  experts  show  that  it  is  of 
exceptional  purity.  But  although  a  superior  article  is  produced  and  the 
wells  could  easily  treble  their  present  output,  the  industry  has  made  no 
progress  during  the  present  decade  owing  to  want  of  a  sufficient  market, 
while  the  selling  price  is  lower  than  what  is  obtained  at  the  wells  in  the 
neighboring  state  of  Michigan. 

In  1887  the  amount  of  iron  ore  used  in  the  production  of  pig  iron  was 
estimated  at  60,434  ton£(,  and  is  included  in  the  total  product  for  that  year  of 
iron  ore  and  pig  76,330  tons  as  given  in  the  table  of  products  for  the  Dominion.  The  Creological 
Survey  report  gives  the  export  of  iron  ore  from  Canada  for  the  calendar  year 
1887  at  13,692  tons,  of  which  12,224  tons  was  from  Ontario.  The  trade 
returns  give  the  export  from  Canada  for  the  fiscal  year  1887  at  23,387 
tons,  of  which  18,907  tons  was  from  Ontario.  Copper,  iron  and  pig  iron 
are  not  classed  in  the  census  returns  as  raw  mineral  products,  and  these 
are  not  included  in  the  above  tables  of  comparative  production.  The  pro- 
duction of  pig  iron  for  1887  is  estimated  at  24,827  tons.  The  returns  of  all 
kinds  of  iron,  exclusive  of  pig,  produced  in  the  Dominion  in  that  year  give 
the  amount  as  31,527  tons,  and  of  steel  as  7,326  tons.  The  returns,  however, 
-  are  incomplete,  and  the  amount  of  iron  produced  is  supposed  to  be  one-third 
greater  than  the  figure  given.  The  material  used  in  manufacture  was  chiefly 
scrap  iron  and  scrap  steel. 

The  following  table  gives  the  exports  of  the  products  of  the  mine  from 
Ontario's  tnin-    Ontario  to  Great  Britain,  the  United  States  and  other  countries  since  1869,  the 

•ral  exports.       ^  ,  ...  ,      •        , 

first  year  when  statistics  of  exports  were  given  separately  for  the 


211 


KXrOBTS  FROM  ONTARIO  BT  0OUNTBIB8. 


Year. 


1869. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1886. 
1886. 
1887. 
1888. 


Great 
Britain. 


$203,436 
465,701 
416.782 
440,355 
782,114 
188,064 


United 
SUtes. 


766,867 

4,675 

79,711 

768 


20 

235 

2,000 

270 

325 


Total 


$3,340,317 


$286,068 
765,112 
1,578,252 
2,555,935 
3,221,590 
947,354 
879,017 
745,362 
267,666 
185,874 
746,027 
316,468 
237,869 
239,996 
208,489 
140,849 
239,310 
168,638 
172,284 
477,271 


Other 
countries. 


ToUl  value. 


$21 


2,656 


$14,329,330 


$439,503 

1,230,813 

1,994,034 

2,996,290 

4,0a\704 

1,135,418 

879,017 

746,362 

1,024,432 

190,649 

825,759 

317,226 

237,869 

240,001 

208,489 

140,869 

239,546 

173,194 

172,654 

477,596 


$2,577     $17,672,224 


A  classification  by  minerals  for  the  same  period  of  twenty  years  shows 
)  quantity  and  value  of  exports  from  the  province  to  be  as  follows  : 

XXPOBTB    FROM     ONTABIO     IN     TWENTY     TBAB8    BT    MINEBALS. 


Product. 


Gold  bearing  quartz 

Oils— mineral,  coal  and  kerosene gal. 

Gypsum tons. 

Copper 

Copper  ore 

Iron  ore 

Pig  and  scrap  iron 

Silver  ore 

Mica lb. 

Lead  ore tons. 

Plumbago 

Antimony  ore tons 

Str»ne  and  marble 

Sand  and  gravel tons 

Salt 

Phosphates 

Other  articles 

Total 


Quantity. 


«< 


f( 


35,409,141 

6,719 

158 

6,824 

624,511 

180,148 

6,506 
1 

2 

766,670 

6,086,980 

10,272 


Value. 


$9,943 
6,421,347 
10,254 
653 
156,417 
1,314,867 
2,348,017 
6,894,564 
6,884 
100 
6,090 
3,000 
407,309 
150,820 
484,668 
125,411 
333,490 


$17,672,234 
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As  shown  by  the  former  table,  the  share  of  those  exports  to  the  United 
States  in  the  twenty  years  was  $14,329,330,  while  Great  Britain's  share  was 
$3,340,317,  and  all  other  countries  only  $2,577.  •, 

Table  i  of  mineral  production  of  the  Dominion  appended  to  this  Section 
of  the  report  gives  the  value  for  1886  at  $10,529,361  and  for  1887  at$I5,<KK)r 
000,  but  the  seemingly  large  increase  of  $4,470,639  will  appear  as  an  actual 
increase  of  only  $1,247,936  when  the  articles  which  are  given  in  the  return 
for  1887  but  not  in  1886  are  taken  into  account,  and  the  quantity  and  yalue  of 
each  struck  out  in  making  a  comparative  statement.* 

COMPARISON    WITH    UNITED   STATES   PRODUCTS. 

Mineral  pro-  If  ^6  comparo  our  own  volume  of  mineral  production  with  that  of  the 

ind  UK-'  rnu^  United  States  the  result  will  be  the  discovery  that  the  development  of  the 
state>.  mineral  resources  of  Canada  is  in  the  main  in  a  backward  condition  as  com- 

pared with  the  mineral  development  of  that  country.  The  extent  of  this 
disparity  will  naturally  precede  enquiry  into  its  causes,  and  will  possibly 
sharpen  the  desire  to  discover  a  remedy  for  the  existing  condition  of  the 
Canadian  mineral  industry. 

In  making  the  comparison  of  production  between  the  two  countries  it  wfll 
•fair  coini>ariM>n.  be  neccssary  to  strike  certain  items  from  the  summary  of  production  of  Csnsda 

for  1887,  as  given  in  Table  i,  in  order  to  make  the  list  of  articles  classed  as 
metallic  and  mineral  products  correspond  with  the  United  States  classification. 
In  that  country  pig  iron  is  classed  as  a  mineral  product;  iron  ore  is  not  em- 
braced in  the  classiB cation,  as  in  that  case  the  value  of  the  pig  iron  would 
include  the  duplication  of  the  value  of  the  ore  used  in  its  production.  For  the 
same  reason  iron  and  steel  are  not  included  in  the  classification,  as  these  artides 
are  the  manufactured  product  of  pig  iron.  To  give  their  value  would  be  to 
duplicate  the  value  of  the  pig  iron  used  in  their  production,  and  adding  thereto 
the  cost  of  converting  a  raw  material  into  a  manufactured  article  and  the 
profit  of  conversion.  Coke  is  an  article  manufactured  from  coal,  and  is  not 
classed  as  a  mineral  product  in  the  United  States.  Neither  are  brick  and  tile 
classed  as  mineral  productions.  If  we  strike  from  our  list  of  minerals  for 
1887  the  following  articles  and  values,  our  summary  of  production  for  that 
year  will  very  closely  correspond  in  classification  and  character  to  the  sum- 
mary of  mineral  production  in  the  United  States  for  the  same  year,  as  given 
in  the  volume  of  Mineral  Resources  published  by  the  Geological  Survey. 

ABTIOLKS     ELIMINATED     FBOM       THE    CANADIAN    TABLS. 


Mineral  or  product. 


Brick .• m 

Coke tons. 

Iron " 

Iron  ore  used  in  manufacture  of  pig  iron 

Steel   

Tile    m. 


Quantity. 


Value. 


tt 


(< 


181.581 
40,428 
31,527 
60,434 
7,326 
14,658 


Total 


1986,689 
135,961 

1,067,728 
114,990 
331,199 
280,068 


$2,886,00 


*  Statintics  of  production  in  Ontario  for  the  year  1888,  collected  by  the  Ckmuoiaiont 
>given  in  Section  II  of  this  report,  p.  72. 
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product. 


This  amoant  of  $2,886,025  deducted  from  the  total  of  $15,000,000, 
l^ven    in    the    (Geological    Survey    report    for    1887,    leaves    the    actual 
prodQction    for    that    year    as    $12,113,975,    based    upon    the    American  Canadian 
rale  of  classification.     But  it  is  a  question  whether  this  amount  ought  not 
to  be  further  reduced  by  a  round  million  at  least,  if  not  by  the  whole  sum  of 
$1,610,499  given  in  the  table  as  the  "  estimated  value  of  mineral  products 
not  returned."     This  estimate,  or  more  properly  perhaps,  this  guess,  seems  a 
kose  and  somewhat  exaggerated  calculation.     No  estimate  of  a  like  kind 
appears  in  the  United  States  returns,  the  only  thing  in  any  way  correspond- 
ing with  it  being  "  estimated  value  of  mineral  products  unspecified,  $6,000,- 
000."     It  is  permitted  to  stand  as  an  actual  item  in  Canadian  mineral  pro- 
daction  for  1887,  but  in  doing  so  it  is  proper  to  say  that  the  comparison 
between  the  mineral  production  of  the  United  States  and  Canada  which 
followg  is  more  unfavorable  to  the  latter  country,  in  all  probability,  than  the 
tctual  facts  would  warrant. 

For  the  year  1887  the  mineral  production  of  the  United  States,  according 
to  the  report  of  Mr.  Day,  chief  of  the  Mining  Statistics  division  of  the  Geo- 
logical Survey,  amounted  to  $542,284,225,  or  more  than  forty -fold  greater  than  ^^^^^^^^ 
tlie  production  of  Canada.  Estimating  the  population  of  Canada  at  one- 
twelfth  that  of  the  United  States,  the  ratio  of  production  per  head  was  as 
$2.40  for  Canada  to  $9  for  the  United  States.  With  the  enormous  mineral 
retoarces  possessed  by  the  Dominion  it  cannot  be  considered  a  satisfactory 
eondition  of  our  mining  development  when  the  nation  to  the  south  of  us 
shows  mineral  output  nearly  four  times  greater  per  capita  than  our  own. 
An  examination  of  the  details  of  production  may  be  of  service  for  the  purpose 
of  comparison  as  far  as  relates  to  minerals  of  which  we  have  an  abundant 
npplj,  and  it  is  here  given. 

OOMPABATIVI    PB0DU<;TI0N    OF     CANADA     AND    THE     UNITED    STATES. 


product. 


Mineral  or  Product. 


Iron  ore long  tons. 

Pig  iron " 

Copper fwunds. 

I4id  '. short  tons. 

Goal,  bitaminoiis  and  anthracite . .  long  tons. 

Coke short  tons. 

IWphate long  tons. 

Boilding  atone dollars. 

Odd    " 

Silver *• 

^Hck  and  tile " 

*^ij*ie bushels. 

^^•Jiaent barrels. 


Canadian 
production. 


United 

States 

production. 


68,151* 
22,167* 
3,260,424 
102 
2,115,080* 
40,428 
21,152* 
562,267 
1,178,037 
349,330 
1,216,767 
2,269,087 
69,843 


11,300,000 

6,417,148 

184,070,524 

160,700 

116,049,604 

7,857,487 

480,658 

25,000,000 

33,100,000 

63,441,300 

47,000,000 

116.875,000 

6,692,744 


Ratio  of  produc- 
tion per  capita  in 


C. 


U.S. 


13.82 

24.12 

4.70 

131.00 

4.57 

16.20 

1.90 

1 

3.77 

1.58 

'        12.74 

^ 

3.15 

4.29 

8.00 

^*  The  short  ton  of  2,000  lb.,  used  in   the  table  of  Canadian  production  in  Table  i 
*n>«iuled  to  this  Section,  has  here  been  converted  into  the  long  ton  of  2,240  lb. 
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BxporU  of 
iBiaMmls  from 


6  United   I 
nmnr 
prinoipal  tus- 
•mer  for  pro- 
^uoli  of  the 


The  following  table,  giving  a  summary  of  the  value  of  minerals  exported 
by  Ontario  for  the  calendar  years  1874  to  1886  and  by  the  Dominion  for  the 
years  1874  to  1887,  bhows  that  the  mineral  export  trade  of  the  province  is 
of  small  proportions,  and  is  relatively  small  even  as  compared  with  the 
exports  of  the  Dominion.  The  largest  items  are  gold  and  coal,  amounting  in 
1886  to  82,627,024  and  in  1887  to  §2,616,112,  neither  of  which  JBgure  in 
the  exports  from  Ontario  for  those  years  except  for  a  trifling  amount. 

VALUE  OK  MINERAL  EXPOBTS  KROM  ONTARIO  AND  CANADA. 


Calendar  Year. 


I 


1874. 
1875. 
1876. 
1877. 
1878. 
1879. 
1880. 
1881. 
1882. 
1883. 
1884. 
1885. 
1886. 
1887. 


Ontario. 

$ 

955,820 
657,926 
949,645 
137,308 
838,669 
287,109 
280,488 
243,598 
245,195 
128,035 
239,323 
185,529 
186,674 


Dominion, 

including 

Ontario. 


$ 

3,977,216 
8,878,060 
3,731,827 
3,644,040 
2,816,347 
3,082,900 
2,877,351 
2,767.829 
3,013,673 
2,970,886 
3,247,092 
3,639,537 
3,951,147 
3,806,959 


'  "^"Tjtble  II  appended  to  this  Section  gives  the  mineral  exports  of  the  Domin- 
ion to  the  United  States,  Great  Britain  and  all  other  countries  by  quantities 
and  values  for  the  seven  fiscal  years  1881  to  1887.  From  this  table  it  will  be 
seen  that  the  United  States  is  our  principal  customer  for  the  products  of  our 
mines,  having  in  the  period  of  seven  years  covered  by  the  table  taken 
918,567,710,  or  almost  80  per  cent,  of  the  whole,  while  during  the  same 
period  all  th)  rest  of  the  world  took  only  $4,828,313.  This  result  is 
the  more  remarkable  wlien  it  is  considered  that  during  the  entire  period 
our  export  ttade  with  the  United  States  was  burdened  with  impost  duties 
upon  the  more  important  of  our  minerals,  such  as  coal,  copper  ore,  iron 
ore  and  building  stone.  The  etfect  of  these  duties  was  to  seriously  curtail 
the  movement  of  ne<irly  all  articles  on  the  list  of  our  mineral  exports, 
and  very  nearly  to  prohibit  transactions  in  many  of  them,  in  which  but  for 
the  duties  the  business  could  not  have  failed  to  assume  enormous  proportions. 
It  will  be  interesting  to  enquire,  as  will  be  done  later  on,  what  would  be  the 
probable  effect  produced  by  the  removal  of  these  duties.  It  will  be  interesting 
especially  to  enquire'what  the  effect  would  be  upon  Ontario,  whose  vast  deposits 
of  copper  ore  in  the  Sudbury  district  and  elsewhere  are  within  easy  distance 
of  the  furnaces  of  the  United  States,  whose  apparently  limitless  supply  of 
iron  ore  in  eastern  Ontario  can  be  transported  to  the  furnaces  of  CleveUnd 
«nd  Pittsburg  as  cheaply  as  the  ores  of  the  lake  Superior  district,  and  whose 
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mountains  of  marble,  granite  and  sandstone,  situated  directly  upon  the 
navigable  waters  of  lake  Huron  and  lake  Superior  and  within  short  dis- 
tances by  rail  of  lake  Ontario,  can  be  laid  down  in  quantities  equal  to  any 
possible  demand, — in  quality  superior  to  any  material  of  like  character  obtain- 
able on  American  territory  within  the  basin  of  the  great  lakes,  and  at  prices 
which  but  for  the  duties  might  defy  competition  at  such  commercial  centres 
«8  Chicago,  Milwaukee,  Detroit,  Cleveland  and  Buffalo,  and  that  would 
aecure  enormous  sales  in  Boston,  New  York,  Philadelphia  and  other 
•eastern  cities.  Doubtless  conjectures  as  to  the  increase  of  Ontario's  export 
trade  in  mineral  products  under  the  condition  of  removal  of  the  American 
duties  are  to  a  certain  degree  speculative ;  but  when  the  question  is  examined 
it  will  be  apparent  that  the  increase  could  not  fail  to  be  very  large,  and  one 
more  likely  to  exceed  than  to  fall  short  of  expectations  based  upon  the  best 
attainable  data. 

POSSIBILITY    OF   LARGER    PRODUCTION    UNDER    PRESENT    CONDITIONS. 

Few  if  any  of  the  mining  industries  of  Ontario  and  Canada,  with  their 
allied  manufacturing  interests,  have  reached  that  extent  of  development 
which  seems  not  only  possible  but  easy  of  attainment.  In  other  pursuits,  The  iron 
such  as  farming,  fishing,  lumbering  and  manufacturing  in  various  lines,  a  large  "^"'^'7' 
measore  of  success  has  been  achieved,  and  therefore  it  cannot  be  alleged  that 
failare  to  utilise  the  mineral  resources  of  the  country  is  due  to  a  natural  lack  of 
energy  or  enterprise  in  our  people.  Progress  has  been  hindered  by  a  variety 
of  causes,  some  of  which  will  be  indicated;  but  there  is  reason  to  believe  that 
in  some  directions,  and  under  existing  conditions,  skill  and  capital  ought  to 
give  promising  results. 

OHABOOAL    AND    COKE    IRON. 

What  has  just  been  said  appears  to  apply  in  a  special  sense  to  the 
iron   industry.      The   Canadian   market   is  a  limited  one,   it   is  true,    and 
development  apon  a  large  scale  if  coniined  to  the  supply  of  our  own  wants 
cannot  be  expected.     With  the  present  duties  upon  iron,  however,  and  the 
additional  protection  afforded  by  the  bonus  upon  Canadian  pig  iron,  the  pro- 
daction  of  iron  and  its  manufactured  products   of  wrought  and  malleable 
iron  and  steel  ought  to  be  largely  increased.     Our  importation  of  pig  iron  for 
the  fiscal  year  1887  amounted  to  50,000  tons  ;  our  production  for  th^^  calendar 
yemr  was  24,827    tons.     We  exported   none,  and   our  consumption  was  in 
ronnd  numbers  75,000  tons.     Of  this  amount  10,000  tons  was  imported  from 
the  United  States,  consisting  entirely  of  charcoal  and  other  special  grades  of 
iron.     Considerable  space  will  be  devoted  later  on  to  the  question  of  the 
prodaction  of  charcoal  iron.     There  seems  to  be  no  reason  why  this  article  ^^^'co*!  iron. 
tsannot  be  aa  cheaply  produced  in  Ontario  as  in  the  United  States,  and  the 
entire  amount  now  imported  for  domestic  consumption  ought  to  be  speedily 
<%dded  to  the  sum  of  our  iron  production.     Further  than  this,  charcoal  iron, 
t>wing  to  its  greater  strength  and  superior  qualities,  could  in  all  probability 
^  supplied  after  furnaces  were  in  operation  at  prices  that  would  secure  its 
iise  for   many  purposes  where   Scotch  and    English  pig   iron    is  now  used. 
Intelligent  iron  founders  testify  that  they  would  use  it  to  a  large  extent  if  it 
^onld  be  obtained  at  a  price  moderately  in  excess  of  the  price  of  ordinary 
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iron.     For  all  strong  castings  it  is  thought  that  it  would  oommand  the  marke^ 
at  about  $2  to  $4  per  ton  more  than  coke  iron  at  the  present  range  of  prices. 
As  to  the  production  of  coke  iron,  Ontario's  distance  from  ooal  fielda 
^.    .  places  her  at  some  disadvantage,  though  the  trans|K>rtation  of  coke  to  the  ore 

bed  may  cost  no  more  than  the  transportation  of  the  ore  to  the  ooal  bed ;  and 
with  the  protection  now  enjoyed  it  can  probably  be  shown  that  coke  iroa 
may  be  manufactured  in  Ontario  at  present  prices  with  a  small  profit,  if  well 
appointed  furnaces  were  orected  and  the  duty  upon  coke  removed.  In  Nova 
Scotia  the  conditions  for  producing  iron  cheaply  are  so  favorable  that  the 
furnaces  of  that  province  ought  to  be  able,  with  the  present  degree. of  protec- 
tion and  encouragement,  to  undersell  the  iron  masters  of  Scotland  and  Eng- 
land and  supply  the  bulk  of  the  coke  iron  used  in  the  Dominion,  assuming  that 
they  can  produce  iron  of  satisfactory  quality.  Adequate  capital,  fumaoes 
with  the  modern  improvements,  together  with  energy  and  intelligent  super- 
vision in  the  prosecution  of  operations  and  processes  would  be  quite  sufficient^ 
judging  from  such  data  and  information  as  are  attainable,  to  produce  the 
desired  results. 

Not  only  is  it  reasonable  to  suppose  that  with  the  present  protection 
afforded  by  duties  and  bonus,  amounting  together  to  $5.50  per  net  ton,  we 
should  be  able  to  supply  almost  our  entire  consumption  of  charcoal  and  coke 
t^ptionoMron  P^g  ^''^'^>  ^^^  there  seems  to  exist  no  good  reason  why  a  considerable  part,  if 
ia  Canada.  not  the  greater  part,  of  the  iron  and  steel  now  imported  and  subject  to  the 

payment  of  duty  should  not  be  manufactured  in  Canada  from  pig  iron  pro- 
duced in  this  country.     The  tariff  upon  manufactures  of  iron  and  steel  is  in 
the  main  protective  in  its  character,  and  should  secure  the  manufacture  in 
Canada  of  much  of  the  iron  and  steel   now  imported.     The  equivalent  in  pig 
iron  of  iron  and  steel  entered  for  consumption  in  1887,  without  including 
cutlery,   instruments,   tools,  machinery  and   engines,  amounted  to  at   least 
275,000  short  tons.     If  we  could  supply  ourselves  with  irou  and  steel  equiva- 
lent to  175,000  tons  of  this  amount,  and  also  supply  the  present  consumption 
of    75,000  tons   of  imported   and   domestic   pig   iron,    it   would   not  be  in 
excess  of  a  reasonable  development  of  our   iron  industries   under   present 
conditions.      The   production  of    250,000   short   tons   of   pig  iron,   equally 
divided  between  charcoal  and  coke  iron,  would   require  at  least  eight  days' 
duction  repre-    labor  for  each  ton  of  charcoal  iron,  and  six  and  a  half  days'  labor  for  each  ton 
lenu  n  a  or.     ^^  ^^^^  .^^^^  ^^  ^  ^^^j  ^^  1,800,000  days'  labor  in  mining  coal,  making  coke 

and  charcoal,  mining  ore,  quarrying  limestone  for  flux  and  smelting  the  ore. 
This  amount  of  labor  would  not  include  the  transportation  and  handling  of 
material,  the  erection  of  works,  construction  of  machinery,  and  many  other 
items  which  are  contingent  upon  the  manufacture  of  pig  iron.  A  large 
additional  amount  of  labor  would  be  employed  in  converting  pig  iron  into 
iron  and  steel.  AbDut  500,000  tons  of  ore  would  be  used,  about  450,000  tons 
of  coke  and  charcoal  would  be  required  for  the  smelting  of  the  ore,  besides 
a  large  amount  of  coal  for  iron  and  steel  manufacture.  The  value  of 
250,000  short  tons  of  coke  and  charcoal  iron  would  be  at  least  $5,000,000  at  the 
point  of  production  in  Canada,  coming  within  the  cost  of  importing  an  artide 
equal  in  quality  and  value  to  an  extent  sufficient  to  oommand  the  market 
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If  this  statEe  of  development  of  the  iron  industries  of  Canada  were  reached, 
Ontario  should  supply  at  least  three-fifths  of  the  entire  product  of  charcoal  dnction  in  On- 
iron  and  a  considerable  percentage  of  the  coke  iron,  and  it  is  not  unreasonable 
to  estimate  that  at  least  200,000  tons  of  Ontario  ore  would  be  used  in  pro- 
ducing iron  for  the  supply  of  the  home  demand.     That  Canada  can  hope  to 
reach  under  present  conditions  a  production  of  a  larger  proportion  of  her  cod- 
iQmption  of  iron  and  steel  than  above  indicated  is  hardly  to  be  expected,  and 
owing  to  the  disadvantages  as   compared  with    Nova  Scotia  under  which 
Ontario  labors  regarding  a  supply  of  coal  and  coke,  we  can  scarcely  claim  for 
our  own  province  that  we  can  supply  more  than  two-fifths  of  the  entire 
(joantity  of  iron  likely  to  be  produced  in  the  Dominion. 

GOLD,   SILVER  AND  OOPPBB    PRODUCTION. 

Under  the  existing  condition  of  matters  the  production  of  these  metals 
ii  retarded  by  duties  upon  machinery  and  supplies,  and  by  want  of  transpor-  rauurd  dereiop- 
tation  facilities.  In  Ontario  the  discovery  of  rich  mines  of  these  metals  is  of 
oomparatively  recent  date.  In  the  case  of  gold  and  silver  ores,  or  bullion,  no 
tnde  restrictions  interfere  with  their  exportation  to  any  country  with  which 
we  trade.  In  the  case  of  copper,  smelting  works  on  a  large  scale  are  being 
tttablished  at  Sudbury.  Great  advantage  would  be  secured  to  the  copper 
interent  if  the  American  duty  on  the  ore  was  removed,  as  profitable  operations 
IQ  the  export  trade  could  in  that  case  be  prosecuted  at  many  mines  where 
^k  of  capital  prevents  the  erection  of  extensive  works,  or  where  the  extent 
^  ore  supply  does  not  warrant  the  expenditure. 

PRODUCTION    OF    SALT. 

The  salt  interest  complains  of  the  free  admission  of  English  salt  for  other 
P^iposes  than  those  of  the  fisherman's  use.  It  is  shipped  at  a  nominal  cost  ^t?ndVatiia>i* 
'or  freight,  being  generally  brought  by  vessels  as  ballast.  The  duty  upon  {SSli^Jy!*** 
'^el  is  also  a  great  drawback.  Coal  slack,  costing  a  few  cents  only  per  ton  at 
the  mine,  pays  a  duty  several  times  in  excess  of  its  first  cost.  The  removal 
^  this  duty,  it  is  claimed,  would  afford  great  relief  to  the  salt-producing 
^dastry  of  Ontario.  Free  admission  to  the  United  States  would  secure  a  wide 
^'^fket  and  would,  with  free  coal,  put  the  business  upon  a  paying  basis  and 
'^i^der  a  great  increase  of  salt  production  certain. 

MARBLE    AND    BUILDING     STONE. 

Our  export  of  stone  and  marble  unwroiight  is  insignificant  in  amount,  its 
^^Ine  for  the  entire  Dominion  being  only  865,601  in  1887.  "We  can  supply  ■apply,  but  n 
^^v  own  demand,  but  although  we  have  an  unlimited  amount  of  the  finest  market. 
^<^ble,  granite  and  sandstone  in  great  variety  of  color  and  of  unusual  excellence 
*^  regards  strength,  powers  of  resistance  to  fire  and  frost,  and  susceptibility  to 
^^h  polish,  yet  under  existing  circumstances  we  cannot  hope  to  increase  our 
^^|>ort  trade  to  any  considerable  extent.  From  the  magnificent  and  widely 
^^"ead  quarries  of  Ontario  the  cities  of  the  upper  St.  Lawrence  basin  and  the 
*^^board  cities  of  the  middle  states  could  draw  their  supplies  of  the  finer 
^^alities  of  sandstone,  granite  and  variegated  marbles  with  the  greatest 
^^Hsnomy  of  cost,  but  for  the  American  duties.  These  efifectually  shut  us  out 
^om  a  demand  for  our  structural  materials  that  could  not  fail  to  reach  great 
t^^^X}p<Mrtu>n8  if  timde  between  the  two  countries  was  entirely  untrammelled. 
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SOME    THINGS     THE    DOMINION  GOVERNMENT    MIGHT     DO. 

Industries  ^^  looking  Over  the  ground  to  discover  by  what  means  the  mineral  interests 

**"to*"d  ^      ^^  ^^®  country  could  be  promoted  and  mineral  development  increased,  it  is 
readily  seen    that    the    Dominion    government    could   afford  great   aid  to 
struggling  and  infant  mineral  industries,  not  so  much  in  the  great  majority  of 
cases  by  imposing  taxes  upon  the  general  public  for  their  benefit^  as  by 
Pigiroa.  removing  taxes  that  are  a  serious  and  in  some  cases  a  ruinous  burden  to  them. 

To  the  individual  contemplating  the  investment  of  money  in  plant  for  pro- 
ducing pig  iron  the  government  would  afford  great  encouragement  by  an  offer 
to  admit  coal  and  coke  used  in  the  production  of  iron  and  fire  brick  and 
machinery  not  obtainable  in  Canada  free  of  duty.  To  the  manti£actarer  of 
salt  the  admission  of  coal  slack  for  fuel  free  of  duty  would  be  a  great  boon. 
To  the  silver,  copper  and  gold  mining  companies  the  admission  of  the  improved 
machinery  for  hoisting  works  and  stamp  mills  not  yet  manufactured  in  Canada, 
suver  copper  ^^^  ^^®  admission  of  coal  when  required  for  smelting  and  fuel  for  engines 
and  gold.  driving    machinery,    would   afford    material   relief   and   greatly   aid  in   the 

development  of   mining   properties  and    in    increasing  mineral    production. 
An   important    concession    to   all  parties    engaged    in   mining   and    being 
under   the   necessity   of   importing    machinery   and    supplies,   and  making 
.    „.x.    -         entries  at  a  Canadian  customs  house,  would  be  to  give  prompt  and  courteous 

Facilities  for  ^  '  . 

«ntering  articisi  consideration  and  fair  treatment  in  all  such  cases.     Many  complaints  are  made 

liable  to  duty.  *  i  ,        .  .11 

as  to  undue  suspicion  of  under- valuation,  and  as  to  vexatious  delays  from 
various  other  causes.  Rigid  adherence  to  the  Customs  act  is  said  to  lead  in 
some  cases  to  arbitrary  valuation  of  machinery  at  figures  much  above  its 
actual  cost.  At  one  important  ruining  centre  in  the  interior  of  Ontario  the 
delays  in  getting  machinery  passed  at  the  frontier  were  so  great  that  the 
mining  company  offered  to  pay  the  salary  of  a  sub-collector  if  an  office  were 
opened  at  the  point  where  they  were  doing  business.  Unreasonable  com- 
plaints may  be  and  no  doubt  often  are  made,  but  liberality  of  spirit  and  anxiety 
to  treat  with  the  utmost  fairness  and  courtesy  important  interests  and  business 
enterprises  of  great  value  to  the  country  should  ever  be  a  characteristic  of 
the  officials  of  the  Canadian  customs. 

INTER-CONTINENTAL    AND    I  N  TE  R  -  P  R  O  V  I  N  C  I  A  L   TRADE. 

strong  feeling  An   honest   and   in  any  degree  a  compU  te  report  upon  the  mineral 

^^free  resources  of  Ontario  and  the  best  means  for  developing  them  must  of  necessity 
^^utos  gi^c  a  considerable  degree  of  prominence  to  the  question  of  inter-continental 
trade.  At  every  point  the  Commission  met  with  evidences  of  the  great 
importance  of  securing  wider  markets.  Everywhere  the  witnesses  examined 
either  felt  impelled  to  allude  to  the  importance  of  this  matter  of  securing 
access  to  other  markets,  or  iully  admitted  its  importance  when  allusion  vas 
made  to  the  subject.  Differences  of  opinion  upon  the  questions  of  establishing 
mining  schools,  granting  bonuses  to  promote  iron  production,  changes  in  the 
mining  laws,  everything  else  in  fact,  were  in  all  cases  developed  ;  but  upon  the 
question  of  the  desirability  of  obtaining  free  access  to  the  American  markets 
for  our  mineral  productions  there  existed  absolutely  no  difference  of  opinion 
so  far  as  we  could  judge  among  men  interested  in  mining  enterprises^  except 
in  the  case  of  those  interested  in  petroleum,  and  in  one  solitary  instance  in 
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the  case  of  a  producer  of  salt.  With  the  consciousness  on  the  part  of  the 
inteUigent  men  interested  in  mines  whom  we  met  from  Ottawa  to  Rat  Portage, 
that  with  boundless  mineral  resources  and  a  market  the  limits  of  which  were 
exceedingly  narrow,  we  were  cribbe<i  and  dwarfed  in  our  attempts  to  make 
developments,  the  cry  everywhere  was  "  Give  us  the  American  markets ; 
break  down  the  barriers  that  separate  us  from  60,000,000  customers  at  our 
very  door  !  "  Whether  this  desire  may  possess  the  farmer,  the  lumberman 
and  the  fisherman  or  not,  it  certainly  awakens  the  earnest  longings  of  the  mining 
population  of  Ontario. 

GEOGRAPHICAL     CONDITIONS. 

The  fact  that  Canada  and  the  United  States  are  ge'>graphically  one  great 
country — with  a  conterminous  boundary  line  from  ocean  to  ocean,  naturally  The  two 
drawn  to  each  other  by  the  provisions  and  requirements  of  natuie,  having  ^^^jJ^iJJJy 
common  interests  that  compel  intercourse  except  in  case  of  actual  war,  having  ^^^ 
populations  of  the  same  race  and  language,  each  country  finding  it  impossible 
to  ignore  the  existence  of  the  other,  and  each  enforcing  restrictions  upon 
trade  with  the  other  at  the  cost  of  great  inconvenience  and  loss — is  a  fact 
that  stands  out  in  as  bold  relief  as  does  the  opposite  fact  that  the  two  countries 
in  their  {tolitical  autonomy  are  separate  and  distinct.     The  natural  intimacy 
of  association  and  connection  existing  between  some  portions  of  the  American 
Union  is  not  as  great  as  that  existing  between  Ontario  and  Quebec  and  the 
eastern,  middle  and  western  states,  or  between  the  maritime  provinces  and 
the  states  upon  the  Atlantic  seaboard,  or  between  Manitoba  and  the  north- 
"west  and  the  states  of  the   upper  Mississippi  valley,  or   between    British 
Oolumbia  and  the  states  of  the  Pacific  si  ape.     A  considerable  portion  of  the 
boundary  which  separates  the  two  countries  is  a  grand  waterway  comprising 
^rreat  stretches  of  mighty  rivers  and  four  great  inland  seas.     These  lakes  and  ConditioDt 
rivers  invite  commercial  inter-communication,  and  serve  to  link  together  in  oommercUi 
the  bonds  of  common  interest  the  two  countries  rather  than  to  separate  them. 
Upon   their  waters   the   commercial    marine   of   both   countries  is  actively 
employed  in  transporting  the  products  of  each  country  to  the  marts  of  the 
other,  or  in  conveying  the  productions  of  the  fruitful  west  to  the  seaboard 
states  and  provincea     For  the  improvement  of  this  great  natural  highway 
each  country  has  spent  enormous  sums,  and  the  vessels  of  either  country  may 
pass  from  Duluth  or  Chica<]ro  to  the  sea  without  hindrance,  but  indebted  to 
the  public  works  constructed  by  both  for  the  ability  to  do  so.     Great  as  is  the 
magpiitude  of  the  commerce  that  floats  upon  this  imperial  highway  of  rivers 
and  seas,  it  is  but  the  advance  wave  of  the  mighty  tide  that  shall  come  when 
the   agricultural '  and   mineral   resources   of    the   great   countries   naturally 
tributary  to  these  waters  are  fully  developed  and  the  shackles  upon   trade 
between  kindred  states  and  provinces  are  removed. 

The  energetic  zone  of  North  America  may  be  said  to  lie  between  the  38th 
and  the  48th  parallels  of  latitude.     In  the  galaxy  of  Anglo-Saxon  common- 
wealths within  this  zone  not  one  occupies  a  more  commanding  commercial  The  enerpMe 
position  than   does  the   great    province   of    Ontario.     With    reference    to  oontineni, 
commercial  interchanges  between  the  east  and  the  west,  neither  hostile  tarifiFs, 
separate  nstionalitv,  nor  commercial  belligerency  have  been  found  sufficient 
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and  Ontario'!  to  deprive  this  province  of  many  of  the  commercial  advantages  to  which 
nature  has  declared  it  to  be  the  heir.  The  Ontario  peninsula  is  projected  like 
a  wedge  into  the  territory  of  the  United  States,  and  across  it  lies  the  short 
cut  of  travel  and  traffic  between  Michigan  and  the  east,  between  Chicago  and 
New  York,  and  between  the  north-western  and  the  eastern  states.  By  the 
lines  south  of  lake  Superior  and  eastward  from  Sault  Ste.  Marie  through  the 
territory  of  Ontario,  northern  Michigan,  northern  Wisconsun,  Minnesota, 
Dakota  and  Montana  will  find  their  shortest  and  cheapest  route  to  the  sea- 
board. The  agricultural  portion  of  Ontario  is  nearer  to  the  great  centres  of 
population  and  manufactures  in  the  middle  and  eastern  states  than  are  Michi- 
gan and  Indiana,  or  any  portion  of  the  vast  region  to  the  westward  of  thoee 
states,  while  the  mineral  districts  of  Ontario,  extending  along  the  north  shores 
of  lakes  Huron  and  Superior,  command  as  its  servant  in  reaching  the  great 
centres  of  production  with  its  ores  and  minerals  the  navigation  of  the  great 
lakes  and  the  entire  network  of  railways  and  canals  radiating  from  them, 
reaching  to  the  seaboard  and  penetrating  the  continent  in  every  direction. 
Quebec,  commanding  the  St.  Lawrence  and  the  natural  outlet  of  the  great  lakes 
to  the  sea,  is  great  in  the  commercial  possibilities  of  the  future,  and  but  for 
the  checks  placed  upon  the  natural  currents  of  commerce  would  not  have 
The  St  Lawrence  '^i^^^sed  the  diversion  of  its  flow  to  other  channels  and  the  dwarfed  growth 
waterway.  of  the  cities  that  nature  designed  to  number  among  the  leading  commercial 

centres  of  the  world. 

ETHNOLOGIC    CONDITIONS. 

Canada  and  the  United  States  are  essentially  homogeneous  in  blood.     In 
the  face  of  the  fact  that  a  considerable  portion  of  the  Canadian  population  is 

people.  of  French  origin  and  retains  the  use  of  the  French  language,  this  assertion  at 

first  sight  may  seem  too  broad.  The  French  Canadian  population,  however, 
is  loyal  to  institutions  of  the  English  speaking  race.  It  is  not  alien  in  the 
sense  of  desiring  to  subvert  the  laws  or  polity  of  the  government.  Its  dis- 
tinctive characteristics  are  being  modified  and  the  commingling  of  blood  with 
the  Anglo-Saxon  is  promoted  by  the  growing  contact  of  the  two  races  in 
Canada,  and  by  the  magnitude  of  the  emigration  movement  of  French  Cana- 
dians to  the  United  States.  Its  presence  in  Canada  does  not  forbid  the  asser> 
tion  that  the  two  countries  are  homogeneous  in  character,  social,  physical  and 
political.  The  same  tireless  energy,  boldness  of  design,  and  courage  in 
execution  are  characteristic  of  both  peoples.  The  same  physical  vigor,  with 
perhaps  a  tendency  to  more  pronounced  manifestation  in  the  colder  and  more 
bracing  north,  is  also  characteristic  of  both.  The  same  love  of  popular  insti- 
tutions, the  same  safeguards  for  securing  and  maintaining  civil  and  religious 
liberty,  and  substantially  the  same  kind  and  relative  strength  of  religious 
denominations,  are  characteristic  of  both.      The  same  language  is  common  to 

Movementt  of  both  ;  their  interests  are  common.  The  two  peoples  have  largely  commingled 
with  each  other  through  the  emigration  of  Americans  to  Canada  and  the  much 
more  extensive  movement  of  the  native  Canadian  population  to  the  United 
States — the  latter  a  movement  of  such  magnitude  as  to  seriously  deplete 
Canada  and  to  promise  important  results  in  the  near  future  through  the 
influence  exerted  on  public  sentiment  in  both  countries  by  contact  and  fonon 
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on  a  scale  of  such  magnitude.  Neither  dissimilarity  in  origin,  in  language, 
in  religion,  in  laws,  nor  in  education  or  interest  interposes  the  sligntest  barrier 
to  the  most  intimate  and  extended  relations,  social  and  business,  between  the 
two  peoples. 

BOONOMIO    OONDITIOKS. 

To  both  Canada  and  the  United  States  Nature  has  been  a  prodigal 
mother.      In  the  resources  she  has  given,  each  is  possessed  of  boundless 
wealth.     What  Canada  especially  needs  is  population  and  capital  to  develop 
this  wealth.      Her  economic  condition  is  one  of  comparative  poverty  in  the 
midst  of  fabulous  stores  of  undeveloped  riches.     Without  doubt  she  is  in  this 
respect  largely  governed  by  forces  beyond  her  control,  and  under  all  the  cir- 
cumstances of  her  environment    perhaps  the  results   attained  ought  to  be 
considered  fairly  satisfactory ;  and,  except  perhaps  in  the  matter  of  the  exercise 
of  greater  care  in  the  increase  of  expenditure,  taxation  and  public  debt, 
very  little  more  could  have  been  done  under  existing  conditions.      But  exist- 
ing conditions  require  to  be  changed.     The  demand  is  an  imperative  one.     A 
carefnl  survey  of  the  field  shows  that  the  country  is  in  a  false  economic  Canada  in  a 
position.     We  are  prevented  from  proving  to  the  world  our  splendid  capa-  So^tion*"**"**^ 
bilities.      It  is  not  for  the  lack  of  energy,  intelligence  or  courage  that  the 
Canadian  falls  short  of  the  most  wonderful  achievements  of  any  English 
Bpeaking  people.      It  is  not  the  fault  of  our  political  institutions  that  our 
economic  condition  is  not  more  favorable ;  for  our  laws  are  good,  and  the 
«trtictare  of  our  government  an  admirable  one  that  requires  only  honest  and 
prudent  administration  to  demonstrate  its  excellence.     That  Canada  does  not 
exhibit  as  high  a  ratio  of  increase  in  population  and  wealth  for  the  last  two 
decades  or  more  as  the  United  States  have  done,  and  that  our  economic  con- 
dition is  as  unsatisfactory  as  it  is,  may  be  clearly  traced  in  a  large  degree  to  . 
commercial  belligerency  between  this  country  and  the  United  States,  mutually 
discouraging  and  repelling  the  convenient,  extensive  and  profitable  exchange 
t)f   productions  natural  to  our   immediate   neighborhood    and   geograpnical 
affinity. 

An  evidence  of  the  great  advantages  likely  to  accrue  to  us  from  a  relaxa-  Exi>erience  an- 
liion  of  restrictions  upon  our  trade  with  the  United  States  is  furnished  by  our  cUy ^treaty. ^"^^ 
•experience  under  the  reciprocity  treaty  of  1854-66.      Under  that  treaty  the 
trade  of  Canada  with  the  United  States  increased  nearly  fouifold.     Circum- 
stances of  an  uuusuhI  character  combined  to  lessen  the  beneiits  to  be  naturally 
derived  by  us  from  the  operation  of  the  treaty  during  the  last  three  years  it 
was  in  force.      During  that  time  a  fluctuating  and  exaggerated  premium  on 
gold,  due  to  the  war  and  to  mad  gambling,   largely   reduced  the  purchasing 
power  of  American  currency  in  the  Canadian  market,  and  no  doubt  interfered 
with  the  selling  of  Canadian  products  in  the  American  market  more  seriously 
than  the  duties  afterwards  imposed  did   when  the  wild  fluctuations  in  the 
price  of  gold  ceased.      When  the  treaty  expired  the  state  of  business  in  the 
United  States  was  settling  down  into  its  usual  channels,  the  resumption  of 
specie  payment  was  approaching,  and  the  disadvantages  of  customs  duties 
came  just  as  the  disadvantages  of  gold  gambling,  a  depreciated  currency  and 
an  unsettled  state  ol  business  were  disappearing  ;  the  result  being  to  lessen 
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in  a  degree  difficult  to  estimate,  both  the  advantages  derivable  from  the  treaty 
and  the  evil  consequences  p£  its  abrogation,  as  they  would  have  appeared 
under  normal  conditions  of  business  affairs  in  the  United  States. 

That  Ontario  has  not  a  population  to-day  of  four  millions,  or  that  Uie 
Dominion  has  not  a  population  of  eight  millions  is  due  to  the  fact  that  we  are 
isolated  commercially  from  the  thirty-eight  states  to  the  south  of  na.     We 
have  not  received,  and  under  existing  circumstances  we  cannot  receive,  our 
natural  share  of  the  energies  that  are  at  work  in  the  devc^lopment  of  the 
iru  tffecto  of  &  American  continent.      By  the  same  policy  of  restriction  that  forbids  free 
rajtricuve         development  of  trade  between  the  two  countries,  the  United  States  is  also 
deprived  of  a  field  that  would  give  wide  and  profitable  scope  to  her  energies 
and  her  capital.      The  two  countries  have  an  immense  diversity  of  resources 
and  productive  capabilities  in  their  vast  territory,   with  its  many  zones,  its 
wide  variety  of  soil  and  products,  its  varied  physical  structure,  its  grand  sweep 
of  seaboard — arctic,  temperate  and  tropical,  nearly  encircling  its  vast  domain — 
its  inland  seas,  its  mighty  rivers,   flowing  north,  south,  east  and  west,  its 
prairies,  its  forests,  its  mountains,  its  mines  and  its  fisheries.     From  all  these 
may  be  derived  and  set  in  motion  a  mutual  play  and  operation  of  industrial 
activities  which,  if  allowed  with  perfect  freedom  to  act  and  react  upcn  each 
other  within  this  great  land,   will  produce  results  that,   if  foretold,  would 
Th«  secret  of      dazzle  the  imagination.      The  great  secret  of  progress  and  prosperity  in  tbe 
G3K?8utes.  *  United  States  without  doubt  has  been  the  freedom  of  intercourse  between 
the  varied  zones  of  that  widely  extended  land,  with  its  all  embracing  variety 
of  resources  and  production.      The  effect  produced  by  that  freedom  of  inter- 
course has  ceased  at  the  border,  where  the  cordon  of  custom-houses  interposes 
its  hateful  presence,  paralyzing  trade  and  repressing  industrial  life  to  the 
great  detriment  of  the  more  powerful  and  to  the  untold  loss  of  the  leas  numer- 
ous of  the  two  great  peoples. 

Practical  considerations  of  the  character  alluded  to  have  no  doubt  given 
How  movemento  direction  to  the  great  stream  of  emigration  that  has  Eet  towards  the  shores 
are  influenced,  of  America,  giving  to  us  very  much  less  than  our  natural  share,  and  subse- 
quently drawing  from  us  a  large  number,  possibly  a  majority,  of  those  who  had 
first  cast  in  their  lot  with  us.  The  same  influences  have  drawn  from  us  a 
numbf  r  of  native  Canadians  so  large  as  to  have  left  the  evil  effects  of  the 
exodus  clearly  discernible  in  every  part  of  the  Dominion. 

OOMMERCIAL    AND    BUSINESS     CONSIDERATIONS. 

The  effect  of  commercial  hostility  and  ruthless  repression  by  tariff  enact- 
Effect  of  a  policy  ments  upon  the  sweeping;  tide  of  multiform  commercial  transactions  that 

of  commercial  ^  ^  r     o 

hortiiity  upon     would  Otherwise  refresh  and  vivify  every  town  and  township  of  Anglo-Saxon 
tndustiy.  America  is  in  no  department  of  business  more  painfully  apparent  than  in  that 

of  mineral  production  and  development.  In  the  case  of  the  farmer  and  lum- 
berman the  burdens  imposed  by  trade  restrictions  are  very  serious,  greatly 
diminishing  the  profit  of  production,  preventing  expansion  of  business,  pro- 
moting the  exodus,  and  in  various  ways  checking  the  growth  oi  the  oonntry 
in  population  and  wealth.  But  in  tbe  case  of  some  of  the  departments  of 
mineral  production  the  effect  of  restriction  has  been  to  produce  utter  stagna- 
tion, and  in  others  a  state  of  suspended  animation.     In  this  connection  the 
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present  conditioii  of  yarious  departments  of  mineral  production  may  be  pro- 
perly contrasted  with  the  condition  of  similar  departments  in  the  United 
States ;  and  with  the  natural  facilities  and  advantages  possessed  by  Canada, 
and  particularly  by  Ontario,  for  more  extended  production  and  development, 
this  contrast  will  convey  its  own  lesson. 


IRON     AND    IRON     ORB. 


The  condition  of  the  iron  production  of  Canada,  and  of  Ontario  especially, 
is  a  most  unsatisfactory  one,  and  the  assertion  that  the  removal  of  trade  wonderful  in- 
restrictions  between  Canada  and  the  United  States  would  enormously  stimu.  tJoU?***  ^  ***" 
Iste  and  develop  this  branch  of  mineral  production  will,  after  examination  of 
the  facts  bearing  upon  the  question,  admit  of  no  reasonable  doubt.  The 
great  importance  to  the  world  at  large  of  the  business  of  iron  production,  and 
^0  most  remarkable  increase  since  the  close  of  last  century  in  the  amount 
0^ production,  will  be  strikingly  shown  by  the  following  table  : 

THE    world's     production     OP  PIG     IRON. 


Yean. 


1800. 

1830 

1860. 

1856. 

1865. 

1866. 

1867. 

1868. 

1869. 
[  1870. 

1871. 
.  1872. 

1873. 
i  1874. 


Long  tons. 


825,000 

1,825,000 

4,750,000 

7,000,000 

9,250,000 

9,300,000 , 

9.&50,000 

10,400,000 

11,575,000 

11,900,000 

12,500,000 

13,925,000 

14,675,000 

13,500,000 


Long  tons. 


1875 

1876... 

1877... 

1878. . . 

1879... 

1880... 

1881... 

1882... 

1883... 

1884... 

1885... 

1886... 

1887... 

1888... 


13,675,000 
13,475,000 
13,675,000 
13,925,000 
13,950,000 
17,950,000 
19,400,000 
20,750,000 
21,000,000 
19,475,000 
19,100,000 
20,38.5,571 
22,170,959 
?3,194,501 


It  will  be  seen  that  the  increase  of  production  since  1800  has  been 

^▼enty-eight  fold,  and  that  the  world's  production  in  1888  was  much  the 

^''gest  of  any  year  in  this  century   of  wonderful   progress.     In   the   first  in  Great  Bri 

^^^irty  years  of  the  century  the  increase  was  only  1,000,000  tons,  but  the  sutet.^ 

^^▼ention  of  the  hot  air  blast  in  1828  and  other  very  important  inventions 

^oe  that  time — ^notably  the  pneumatic  process  of  converting  iron  into  steel — 

^▼e  produced  marvellous  results.     At  the  end   of  the   first   twenty  years 

^^ting  from   1830,  about   which    year    it    may    be    said    that    the    new 

^ni  in    iron    msmufocturing    by    economic    processes    began,    the    annual 

Production  was  increased   by   nearly   3,000,000    tons,   at  the  end   of  the 

^Qoond  twenty  years  i(  was  increased  by  more  than  10,000,000  tons,  at  the  end 

^  fifty  yean  by  more  than  16,000,000  tons,  and  in  the  last  year  the  increase 

^u  as  large  as  what  took  place  in  the  first  thirty  years  of  the  century.     The 

Fioductkm  of  1888  required  about  52,000,000  long  tons  of  iron  ore,  of 

^&h  Greai  Britain    eonsamed  nearly   14,000,000  tons  and  the  United 
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A  sugg'estive 
fact. 


States  12,650,000.     The  world's  annual  production  of  iron  and  steel  is  bj 
countries,  as  shown  bj  the  latest  available  statistics,  as  follows : 

THE     world's     PBODUOTION    OF    IBON    AND    STEEL. 


Countries. 


Pig  iron. 


Great  Britain 

United  States 

Germany  and  Luxemburg. . . . 

France  

Belgium 

Austria  and  Hungary 

Russia 

Sweden 

Spain , 

Italy 

All  other  countries,  estimated . 

Total 


Year. 


1888 
1888 
1888 
1888 
1888 
1888 
1886 
1887 
1885 
1886 
1887 


Long  tons. 


Steel  in  ingots. 


Year. 


7,898,634 

6,489J38 

4,268,471 

1,688,976 

826,984 

761,606 

541,951 

456,626 

1.59,225 

12,291 

100,000 


Per  centage  of  Great  Britain  . 
>'er  centage  of  United  States. 


23,194,501 


1888 
1888 
1888 
1888 
1888 
1888 
1886 
1887 
1887 
1886 
1888 


Long  tons. 


3,405,696 

2,899,440 

1,785,354 

525,646 

223,638 

355,088 

246,000 

111,565  ; 

24,500 

23,760 

30,000 


34 

28 


T 


9,630,477 


33i 
30 


The  foregoing  table  is  virtually  for  the  year  1888.  The  statistics  for  the 
leading  iron  and  steel  producing  countries  are  for  that  year.  For  Rusna* 
Sweden,  Spain  and  Italy,  with  a  total  production  of  1,170,092  tons  of  pig  iron 
and  405,825  tons  of  steel,  the  returns  are  for  the  most  recent  years  for  which 
statistics  are  available.  A  most  suggestive  fact  revealed  by  this  table  is  that 
Great  Britain  and  the  United  States,  having  about  one-fourteenth  of  the 
population  of  the  globe,  have  supplied  62  per  cent,  of  the  world's  product  of 
pig  iron  and  65^  per  cent,  of  the  world's  product  of  steeL  The  recent  rapid 
growth  of  the  iron  and  steel  production  of  the  United  States  is  shown  by  a 
comparison  of  production  in  the  centennial  year  1876  and  the  year  1888. 

UNITED    STATES    PRODUCTION    OF    lUON    AND    STEEL    IN    1876  AND  1^88. 


Glasses  of  Iron  and  Steel. 


Pig  iron short  tons. 

Bessemer  ateel  ingots 

Bessemer  steel  rails 

Open-hearth  steel  ingots 

Open-hearth  steel  rails 

Crucible  steel  ingots 

Rolled  iron,  except  rails 

Cut  nails  in  kegs  of  100  lb 


(( 


n 


n 


tt 


n 


(( 


2,093,236 

525,996 

412,461 

21,490 

None. 

39,382 

1,042,101 

4,157,814 


1888. 


7,268,607 

2,812,500 

1,552,631 

352,036 

5,261 

78,713 

2,397,402 

7,993,591 


A  striking  illustration  of  the  rapid  increase  in  the  production  of  steel  in 

BesBemer  bteei.   ^^^  jjnited  States  is  the  fact  that  the  production  of  Bessemer  steel  raik  for  1888 

was  52  per  cent,  more  than  the  production  of  Great  Britain  in  the  same  year. 


In  addition  to  the  vast  production  of  iron  and  steel  in  the  United  States, 
the  wants  of  the  country  required  the  importation  of  1,997,241  short  tons  in 
18S7  and  1,024,524  in  1888,  in  miscellaneous  forms,  exclusive  of  imports  of 
machinery,    cutlery,    firearms    and   minor    manufactures.     Of    the    amount 
imported  in  1887,  1,436,338  short  tons  came  from  Great  Britain,  comprising 
more  than  one-fourth  of  the  total  British  exports  of  those  articles  for  that  year. 
The  tables  presented  above  show  the  immense  volume  of  the  iron  pro- 
duction of  the  world,  as  w^ll  as  the  remarkable  advance  made  in  its  production 
by  the  world  at  large  and  by  the  great  nation  to  the  south  of  us  in  particular. 
They   point   out   the   development   of   this   great   industry  among  English 
speaking  peoples,  and  may  be  taken  as  a  correct  indicator  of  the  commercial 
position  of  this  race  as  compared  with  the  rest  of  the  world.     They  naturally 
precede  enquiry  as  to  the  extent  of  iron  production  in  Canada,  and  as  to  the 
best  means  for  securing  more  extensive  development  of  our  vast  iron  resources. 

POSSIBLE    BXPANSION     OK     THE    IRON     INDUSTRY     IN     CANADA. 

In  1887  the  per  capita  consumption  of  finished  iron  and  steel  in  the 

United  States  exceeded  300  lb.,  while  in  Canada  the  consumption  fell  short  of 

200  lb.  per  capita.     As  has  been  previously  shown,  the  output  of  iron  ore  in  the 

United  States  for  1887  was  twelve  times  greater  per  capita  than  the  output 

of  Canada,  while  the  production  of  pig  iron  in  the  United  States  was  over 

twenty-one  times  greater  per  capita  than  in  Canada.     Enquiries  have  been 

made  as  to  whether  it  is  not  possible  under  existing  circumstances  to  largely 

increase  our  iron  production,  and  it  is  now  proper  to  enquire  as  to  what  might 

wid  probably  would  be  the  effect  upon  our  iron  interests  of  the  removal  of  all 

^mmercial  restrictions  between  the  two  countries. 

The  export  of  iron  ore  from  Canada  for  the  four  fiscal  years  ending  June 
%,  1888,  has  been  as  follows,  by  provinces : 


United  States 
imports  of  iron. 


Supremacy  of 
English  speaking; 
people  in  iron 
production. 


Per  capita  eon- 
sumption  and 
f>roduction  of 
ron  in  the 
United  States 
and  Canada. 


EXPORT    01 

^     IRON 

ORE 

FROM     CANADA. 

Provinces. 

Country 
of   ship- 
ment. 

1 
Tons. 

885. 

Value. 

9 

127,542 

4,432 

1 
Tons. 

886. 

Value. 

1 
Tons. 

887. 
Value. 

1 
Tons. 

888. 
Value. 

/ 

1  - 

• 

^tario 

Britiah  ColnmbiA 

U.   S. 
U.   S. 
U.  S. 
G.   B. 
U.   S. 

52,632 
1,835 

7,330 
200 

9 

22,140 

450 

18,907 
4,440 

$ 

61,320 
10.500 

13,534 

$ 

39,590 

"^  ow  Brunswick . 

12'          449 

^ebec i 

2             10 

10 

350 
5 

38 

114 

54,367 

131,974 

7,542 

23,039 

23,387 

71,944 

13,544 

39,945 

All  the  ore  exported  from  Ontario  found  a  market  in  the  United  States. 
^^T<Qat  deposits  of  ore  can  be  reached  by  rail  and  cheaply  laid  down  at  lake  convenience  of 
^^tario   porta.      The  cost  of  transportation   from  the  mine  to  Cleveland,  Sf  Amwi««^ 
A^tabolm  or  Pittsburg  is  not  greater,  and  in  some  cases  is  slightly  less,  than  '°^^*^* 
&om  the  mines  of  northern   Wisconsin  and  Michigan  to  the  same  points. 
Knineroiu  mines  not  yet  available  can  be  easily  reached  by  short  branches 
bom  railway  lines  now  constructed.     Millions  of  dollars  worth  of  iron  ore 
^<^d  be  placed  in  the  American   markets  annually,  and  apparently  the  only 

16  (M.a) 
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C&na«la't  oppor* 
tunitiet  under 
free  trade  with 
the  United 
Statee. 


thing  that  stands  in  the  way  of  the  development  of  a  great  and  profitable 
trade  with  the  United  States  is  the  American  duty.  The  magnitude  of  the 
shipments  of  ore  to  lake  Erie  ports  from  Michigan,  Wisconsin  and  Minnesota 
is  suggestive  as  to  the  possibility  of  utilising  our  own  great  and  hitherto 
nearly  useless  deposits.  The  shipments  from  lake  Superior  ports  from  1884 
to  1888  are  shown  in  long  tons  by  the  following  figures  : 

IRON    ORR    SHIPlfRNTS    FROM    LAKR    SUPERIOR    MIKES. 


Districts. 


Marquette  range  . . . 
Menominee  range. . . 

Gogebic  range 

Vermilion  range  .   . . 
Miscellaneous  mines 


Totals. 


1884. 

1885. 

1,558.633 

894,634 

1,022 

62,124 

1,879 

1,430,422 

690,435 

119,590 

225,484 

441 

2,618,692 

2,466,372 

1886. 


1,627,383 
880,006 
756,572 
304,396 


1887. 


3,568,357 


1,860,043 

1,199,343 

1,285,265 

394,252 


1888. 


4,738,903 


1,921,525 

1,165,039 

1,424,762 

511,953 


6,02S,279* 


The  total  shipments  of  iron  ore  by  rail  and  lake  from  the  mines  of  lake 
Superior  since  1850,  when  the  first  shipment  was  made,  amounted  at  the  close 
of  1888  to  40,812,360  long  tons.  This  enormous  business  has  of  late  years 
given  employment  to  a  considerable  part  of  the  lake  marine.  The  value  of 
the  output  of  1888  at  the  point  of  shipment  was  over  $16,000,000,  and  in  its 
transportation  to  lake  Erie  ports  American  shipping  on  the  lakes  earned  at 
least  $6,000,000.  When  this  immense  volume  of  business  is  compared  with 
the  trifling  export  of  13,534  tons  from  the  mines  of  Ontario  in  the  last  fiscal 
year,  it  is  natural  to  enquire  why  the  shipments  from  lake  Superior  ports 
should  be  340  times  greater  than  the  entire  shipment  from  our  own  province. 
The  shipment  of  iron  ore  from  the  mines  of  the  lake  Champlain  region  to 
New  York  and  eastern  Pennsylvania  furnaces  amounted  for  1887  to  768,852 
long  tons,  or  60  times  more  than  the  entire  export  of  ore  from  Ontario  last 
year.  Is  it  surprising  that  the  owners  of  Ontario  iron  mines  should  eagerly 
desire  the  removal  of  restrictions  which  keep  out  American  capital  that 
would  seek  investment  in  our  mines  but  for  commercial  belligerency,  or  should 
wish  to  be  able  to  share  upon  equal  terms  in  the  distribution  of  the  millions 
paid  out  in  American  iron  centres  near  our  borders  for  the  article  of  which 
they  have  an  unlimited  supply  ? 

HOW  UNBESTRICTBD  TRADE  WOULD  OPERATE. 

The  advantages  to  be  derived  by  our  iron  interests  from  the  entire 
removal  of  trade  restrictions  between  the  two  countries  would  not  be  confined 
to  the  increased  sale  of  iron  ore  to  the  American  furnaces.  The  free  admis- 
sion of  iron  into  the  American  market  would  in  all  probability  greatly 
stimulate  the  production  of  coke  pig  iron  in  Nova  Scotia.  In  Ontario 
extensive  forests  of  excellent  hardwood  are  contiguous  to  our  beds  of  ore,  and 
charcoal  for  the  purpose  of  iron  smelting  could  be  cheaply  produced  in  great 
quantities.  With  free  trade,  charcoal  iron  could  be  supplied  from  Ontario 
as  cheaply  as  from  Michigan,  and  with  adequate  capital  and  enterprise  there 
is  no  good  reason  under  these  conditions  why  a  considerable  part  of  the 

•  The  total  for  IBM  wm  7,292,764  toni. 
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tmount  of  charcoal  iron  required  br  the  United  States  should  not  be  supf  lied 
tota  this  pro^-inoe.    The  product  of  cLapco&l  pig  iron  in  the  btate  of  MicLigan 

for  the  jean  18S4  to  1^7   shows  a  nupid  expansion  of  the  business  and  a 

krjge  annual  product  at  the  close  cf  the  period,  as  appears  by  the  following 

tsble : 

CHASCOAL     2  SOS     Fh*Jl>l\Zl-     IS     MICH  10  AN. 


y^^  FunuhOee  io  Tods  of  charcoal 

lilast.  iron  i>Fuduoed. 


}  ISM 5  ,  S4,«>5 

'1885 U  I  125,11» 

;  1886 15  I  148,952 

1887 15  I  180,143 


That  the  business  of  producing  charcoal  iron  would,  with  free  access  to  the 
market,  soon  reach  a  stage  of  development  in  Ontario  equal  to 
wlisU  it  has  attained  in  the  state  of  Michigan  in  four  years,  does  not  seem 
in  extravagant  prediction  when  we  consider  the  great  natural  advantages  for 
charootl  iron  production  poBsessed  by  our  province.     The  production  of  the  Em\*io\  uwut 
charcoal  required,  amounting  to  from  90  to  100  bushels  of  the  best  per  lou  the  |>n^uctk>i, 
of  iron,  would  vastly  benefit  settlers  on  the  new  lands  adjacent  to  iron  fur  [ron.*^  * 
Dtoes,  and  i^te  employment  furnished  in  cutting  and  teaming  wood,  burning 
eotl,  mining  ore,  quanying  limestone  for  fiux,   transporting  oi«  and  other 
naterials  and  operating  furnaces,   would  on  the  basis  of  the  production  of 
lffv»H<g^n  for  the  year  1887  put  over  92,000,000  in  circulation  as  the  price  paid 
for  labor  alone.     The  erection  of  furnaces,  construction  of  branch  railway 
lines,  transportation  of  iron  and  other  items  of  contingent  ex}»i'nse  would 
require  large  additional  amounts  of  labor  outlay.     The  beneficial   iutluence  to 
be  exerted  upon  the  interests  of  the  province  by  the  stimulating  t  li'ect  certaip 
to  he  the  result  of  the  breaking  down  of  hostile  tarifls  between  Canada  and 
the  United  States  would  in  the  case  of  the  export  of  iron  ore,  and  probably 
of  pig  iron  also,   be  certain  to  promote  the  prosperity    of    Ontario   to   an 
extent  greater  than  any  but  the  most  sanguine  would  venture  to  predict. 

COPPSK    AND     NICKEL. 

The  vast  deposits  of  copper  and  nickel  recently  discovered  at  Sudbury 
iiui  other  points  in  Ontario  give  promise  of  a  rapid  increase  in  the  production 
of  these  metals.     This  branch   of  mineral  industry   would  also   be  greatly  Htimuiatiiiir 
■timolsted    by   free  admission  of   the  ore  to  American    markets.      The  ore  tSdcill^JT 
from  many  of  our  mines  could   be  profitably  shipped  to  American  smelting  S.'.^ma 
^orki  but  for  the  duty  of  ^ve  cents  per   pound   on  the  copper  contained  '^*""*"^*- 
lA  it    The  cost  of  erecting  smelting  works  is  heavy,  and  ability  to  ship 
ore  to  the  United  Blates  free  of  duty  would  lead  to  the  working  of  many 
minei  that  must  otherwise  remain  undeveloped.     In  the  case  of  mines  where 
(melting  works  have  been  erected  the  removal   of  the  American  duty  on 
^  metal  would  give  a  wider  market  and  better  prices.     The  ability  to  import 
u&i»oved  machinery  from  the  United  States  free  of  duty  would  also  contri- 
^te  largely  to  reduction  of  cost,  and  consequently  to  increase  of  production. 
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SALT. 

The   production  of  salt  has  been  previously  referred  to.     Ontario  in 
•lOninrioMd        1887  produced  428,000  barrels.     The  production  of  the  United  States  for 

Michigan— a  * 

•trikinjf  con-  the  Same  J  ear  was  7,831,000  barrels,  or  50  per  cent  greater  in  proportion 
to  population  than  that  of  Ontario.  The  production  of  salt  in  Michigan  has 
risen  from  561,288  barrels  in  1869  to  3,944,309  barrels  in  1887,  or  somewhat 
more  than  one-half  the  entire  product  of  the  United  States  for  the  latter 
year.  Michigan  salt  was  sold  in  1887  at  an  average  price  of  65  cents  per 
barrel,  which  was  lower  than  in  any  previous  year  except  1886,  when  it  sold  for 
an  average  of  6 1  cents  per  barrel.  The  opening  up  of  the  American  market  to 
our  salt  producers  would  be  a  great  advantage,  not  so  much  from  the  increased 
price  that  would  be  received  as  from  a  vastly  extended  market  that  would 
permit  a  great  increase  of  production.  Our  salt  field  is  an  extensive  one, 
embracing  an  area  of  about  1,200  square  miles  in  the  province  of  Ontario, 
the  brine  is  the  strongest  and  the  purest  known,  and  the  quality  of  salt  pro- 
duced is  excellent.  The  gradual  failure  of  the  lumber  industry,  and  the 
closing  of  sawmills  in  Michigan  consequent  upon  rapid  diminution  of  timber 
supply,  will  soon  remove  the  exceptional  advantages  on  cost  of  production 
hitherto  enjoyed  by  the  salt  producer  in  that  state,  and  the  free  admission 
of  salt  to  the  American  market  with  free  coal  for  fuel  might  speedily  double 
our  salt  product,  and  secure  continued  and  rapid  increase  beyond  that  point. 

STRUCTURAL     MATERIALS. 

The  value  of  building  stones  of  various  kinds  quarried  in  the  United 

^  States   in  1887,  amounting  to  $25,000,000  as  against  $552,000  for  Canada 

bniidin? stones    during  the  Same  period,  suggests  the  possibility  of  a  greatly  extended  trade 

«itiM  near  the     in  that  direction.     It  would  be  difficult  to  determine  how  large  a  proportion 

of  this  $25«000,000  of  material  was  used  in  the  cities  upon  the  great  lakes, 

along  the  Erie  canal  and   Hudson  river,  and    in  New  York,  Brooklyn  and 

Philadelphia,    but  the  quantity  unquestionably  amounts  to  many  millioDB. 

With  free  trade  in  structural  materials  it  seems  hardly  to  admit  of  doubt  that 

we  might  secure  a  large  percentage  of  the  trade  in  building  stone  with  the 

cities  and  towns  in  the  lake  region,  and  also  with  New  York  and  adjacent 

towns.     Lake  and  canal  navigation  would  give  to  the  marbles,  granites  and 

and  sandstone     Other  building  stones  of  Ontario  easy  access  and  cheap  transportation  to  all 

these  points,  and  great  excellence  of  material  would  enable  our   quarry  men 

largely  to  command  the  market,  cost  of  laying  the  material  down  being  equal 

to  that  from  other  points  of  supply.     The  duty  alone   has  prevented  the 

growth  of  trade  in  this  direction,  and  with  the  removal  of  the  duty  rapid 

development  of  the  trade  would  speedily  follow.* 

At  Garden  River,  near  Sault  Ste.  Marie,  the  Commission  visited  the 
quarries  of  the  Warmington  Stone  and  Marble  Co.     Here  was  found  a  moantam 


*  How  great  the  obstacles  to  trade  in  marble,  grindstones  and  building  stones  are  will  be  clearlj 
by  the  quotations  here  given  from  the  United  States  tariff  now  in  force. 

438.  Grindstones,  finished  or  unfinished,  $1.75  per  ton. 

467  (a).  Marble  of  all  kinds,  rough  or  squared,  65  cents  per  cubic  foot. 

467  (6).  Veined  marble,  sawed,  dressed,  or  otherwise,  including  slabs  and  marble  paving  tUei,  91.10 
per  cubic  foot. 

468.  Manufactures  of  marble  not  specified,  50  per  cent,  ad  valorem. 

487  {a).  Stones  unmanufactured  or  undressed,  freeitone,  granite,  sandstone  and  all  buiMioff  and 
monumenUl  stone,  except  marble,  not  specially  enumerated  or  provided  for,  91  per  ton. 

487  (6).  And  upon  stone  as  above,  hewn,  drewed  or  polished,  SO  per  cent,  ad  valorem. 
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of  marble  stated  by  the  owners  to  be  5,000  feet  wide,  8,000  feet  long,  600 
feet  high  and  of  unknown  depth,  while  the  band  upon  which  *^ii^se .  quarries  The^G^«Jj^ 
are  situated  is  supposed  to  extend  inland  for  about  thirty  miles.  The  superin- 
tendent of  the  quarries  said :  "  If  the  duties  were  removed  we  would  put  up 
a  large  marble  mill  and  give  employment  to  some  300  men  ;  but  that  would 
not  pay  as  long  as  the  duty  is  imposed."  For  the  reason  assigned  by  this 
gentleman,  and  for  other  reasons  arising  out  of  the  operation  of  the  United 
States  tariff,  the  export  of  building  stone  from  Oanada  only  amounted  to 
$65,601  in  1887,  of  which  $20,947  was  from  Ontario,  and  a  trade  which 
might  be  made  to  reach  millions  of  dollars  annually  can  hardly  be  said  to  be 
in  its  infancy. 

The  product  of  brick  and  tile  in  the  United  States  for  1887  amounted  to 
$47,000,000,  of  lime  to  $23,375,000,  and  of  cement  to  $5,186,000.  The  Brick,  tue. 
export  of  these  materials  from  Canada  is  not  given  separately.  In  common  *" 
with  some  other  products  they  all  come  under  the  general  head  of  ^'  other 
articles,'*  of  which  the  export  from  Ontario  for  1887  amounted  to  $21,217  ; 
showing  that  the  export  of  these  materials,  for  the  production  of  all  of  which 
▼e  have  superior  advantages,  was  of  the  most  paltry  character  in  quantity 
and  value.  Heretofore  all  the  pressed  brick  used  in  this  province  has  been 
imported  from  the  United  States  at  prices  ranging  from  $25  to  $30  per 
thousand,  and  until  recently  it  was  believed  that  we  had  no  material  in 
Ontario  suitable  for  its  production.  But  the  discovery  of  beds  in  the  vicinity 
<^  Milton  and  Campbellville,  at  the  foot  of  the  Niagara  escarpment,  proves 
that  we  have  an  abundant  supply  of  a  clay  from  which  brick  of  an  excellent 
<|Qality  is  manufactured  ;  and  it  is  now  known  that  extensive  deposits  of  the 
ttme  kind  of  clay  exist  at  various  points  along  the  base  of  the  escarpment 
northward  through  the  counties  of  Halton,  Peel,  Dufferin,  and  probably 
Simcoe  and  Grey.  The  manufacture  of  pressed  brick  ought  soon  to  become  a 
▼aloable  industry  in  those  districts,  which  are  well  served  by  the  Grand 
Trunk  and  Canadian  Pacific  railways,  if  free  access  were  gained  to  the  United 
States  markets. 

SCOPE    AND    RESULTS    OF    I  NTER-CO  N  T  I  N  ENT  A  L  F  REE    TRADB. 

The  favorable  results  that  would   follow  the  adoption  of  unrestricted  „ 

1.    J    ,  ,  ,  Repressing 

wade  between  the  United  States  and  Oanada  as  regards  the  development  of  «ff«fct  of  duties 

MJe  mineral  resources  of  Ontario  can  scarcely  be  estimated,  and  would  beyond  tmae. 

doubt  far  exceed  popular  anticipation.     It  is  easily  understood  that  with  the 

'^naoval  of  duties  would  come  greatly  enlarged  transactions  in  the  export  of 

^^  of  iron,  copper,  etc.,  of  structural   materials  and  various  other  articles. 

It  is  not  so  easily  understood  that  the  trade  repressing  effects  of  duties  are  not 

^<*rectly  measured  by  the  mere  burden  that  the  amount  of  duty  exacted  im- 

P^^8e«.     Every  shipment  requires  a  consular  certificate.     In  every  entry  made 

at  a  custom  house  in  either  country  the  shipper  must  run  the  risk  of  trouble 

thout  valuation,  and  the  shipment  is  liable  to  seizure.     He  is  at  the  mercy  of 

<>fficialB  who  need  care  little  for  public  opinion  ;  who,  owing  to  the  delay, 

^ipense  and  uncertainty  of  litigation,  are  practically  superior  to  the  law,  and 

^^  exercise  their  own  opinion  and  will,  subject  to  the  approval  of  the  head 

of  a  department,  in  a  practically  irresponsible  manner.     This  feature  of  the 
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case  deters  men  from  engaging  in  business  who  might  not  be  kept  back  by  the 
mere  duties  levied,  and  leaves  the  few  who  do  engage  in  business  practically 
without  competition. 

The  vast  increase  in  mineral  production  in  the  United  States  has  been 
pointed  out.  A  state  of  great  activity  is  the  characteristic  of  the  development 
of  mineral  resources  in  that  country.  In  Alabama,  Georgia,  Tennessee,  West 
Virginia,  Virginia,  Kentucky,  Arkansas  and  other  states,  scores  of  millions 
have  been  recently  invested,  cities  are  springing  into  existence,  railway  lines 
are  being  constructed  furnaces  erected  and  great  strides  in  development 
made.  Why  should  Canada  lag  behind  in  this  career  of  development  ?  Why 
should  the  great  tide  of  enterprise  and  business  activity  sweep  by  and  leave  us 
untouched  ?  The  tariff  wall  serves  like  a  wing-dam  to  direct  the  current 
from  us.  Eemove  the  dam  and  the  current  will  reach  us  in  full  force.  To  the 
wealth  and  the  restless  activity  of  the  United  States  we  must  look  to  a  large 
degree  for  the  capital  and  the  skill  to  develop  our  resources  of  gold  and  silver, 
nickel,  copper  and  iron.  Now  we  are  looked  upon  somewhat  as  Siberia  is  ;  a 
land  possessed  of  minerals,  perhaps,  but  foreign  and  far  away.  More  than 
one-half  of  our  mining  capital  is  now  American,  but  it  represents  only  a  small 
fraction  of  the  amount  that  would  speedily  seek  investment  in  Ontario  if  the 
two  countries  were  commercially  one.  The  influence  this  change  would  exert 
would  probably  be  felt  in  a  more  marked  degree  in  the  development  of  the 
silver  and  gold  mines  of  north-western  Ontario  than  even  in  the  more  seriously 
tariff-burdened  industries  of  iron,  copper,  salt  and  structural  material 
production. 

Examination  into  the  character  and  extent  of  the  mineral  resoaices  of 

Ontario  shows  even  now,  when  we  are  only  at  the  threshold  of  discovery,  that 

they  are  practically  without  limit  in  extent  and  value.     As  to  the  hest  means 

of  development,  we  must  pick  up  the  couiage  to  make  that  considerable  degree 

of  progress  which  present  conditions  will  permit,  and  we  must  work  and  hope 

for  the  coming  of  the  day  when  the  war  of  tariffs  shall  be  a  thing  of  the  past 

and  we  shall  be  able  truthfully  to  say — 

No  pent  up  Utica  contracts  oui  powers, 
But  the  wnule  boundless  continent  is  ours. 

EVIDENCE    AND    STATISTICS. 

Appended  are  given  :  (1)  Extracts  of  evidence  bearing  upon  the  question 
•of  the  pi  obable  influence  upon  mineral  development  in  Ontario  of  free  com- 
mercial relations  between  Cauada  and  the  United  Stales.  (2)  Extracts  of 
Evidence  relating  to  the  public  advantages  likely  to  be  derived  from  the 
construction  of  a  railway  line  from  Port  Arthur  to  the  promihing  silver  mines 
in  the  Whiteflsh  valley.  (3)  Tables  showing  the  imports  by  quantities  and 
values  from  Great  Britain,  the  United  States  and  all  other  countries  into 
Oanada  of  articles  of  manufacture  of  iron  and  steel  for  the  seven  fiscal  years 
1881-7. 
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ISfFLOBNCB   OF  FBBB   TRADE   WITH   THE   UNITED     STATES     UPON    THE 

MINING     INDUSTRIES     O  I>     ONTARIO. 

Thomas  Frood — The  commercial  barriers  between  Canada  and  the  United  States  The  commercial 
liave  tended  largely  to  prevent  the  development  of  the  mining  industry  by  hmd.  r-  adeveSpmentof 
mg  the  employment  of  American  capital  in  mining  operations,  and  also  by  depriving  the  mining  in- 
v»  of  the  American  market.     If  ue  had  free  access  to  the  markets  of  the   United  d»"^« 
States  I  have  no  doubt  there  would  be  a  great  increase  in  the  amount  of  work  at 
tke  mines  in  Canada,  and  a  great  impetus  would  be  given  to  the   mining  industry 

fsnerally.  Most  of  the  capital  invested  in  mining  in  this  district,  including 
udbury,  is  American.  Some  ore  has  been  shipped  to  England  Irom  Sudbury,  and 
aome  also  to  the  States.  Entering  the  States  there  is  a  duty  of  $2  a  ton  on  the 
<jre,  while  th^^re  is  a  very  heavy  duty  on  machinery  coming  into  Canada.  This  is 
Tery  hard  on  those  engaged  in  mining,  and  gives  rise  to  a  great  deal  of  complaint. 

W.  H.  Plnmmer — In  the  Algoma  district  two  or  thitee  new  companies  have 
been  organised,  and  they  are  principally  Americans.  More  American  than  English  American  and 
■capitil  is  being  invested  at  the  present  time  in  this  section.  I  do  not  thii  k  that  so  Engriish capital. 
&r  any  company  has  given  the  district  a  fair  trial.  The  interests  of  English  com- 
panies are  not  as  carefully  looked  after  as  is  the  case  with  the  American  companies. 
Somehow  they  fail  to  get  the  proper  men,  and  they  go  into  heavy  expenditures 
^m  the  commencement ;  this  has  had  the  effect  of  discouraging  the  investment  of 


Snglish  capital  in  the  district.  I  don't  think  the  failure  of  the  English  companies  The  English 
•Hould  cause  any  discouragement,  however.  Their  want  of  success  has  bci  n  due  **'®7  rt°  t« 
altogether    to   their   injudicious    expenditure    of    money,    and  1   have  no  doubt 


^t  their  pro]>erties  may  yet  be  worked  to  pay. 

P.  C.    Campbell — The  removal  of  the  duties  by  tlie    American  government 
^ouJd  tend  very  much  to  the  development  of  the  mining  industry  here.  Free  trade  Algoma  needi 
would  be  the  best  thing  for  our  mineral  development ;  unrestricted  reciprocity  is  ''®*  trade, 
^eooe  thing  needed  by  the  district  of  Algoma.       Much  more   American  than 
English  capital  is  being  invested  in  our  mining  properties  ;  there  is  no  use   trying 
"^  sell  to  English  and  Camtdian  capitalists  ;  the  only  practical  men  to  invest  and 
^Pcntte  are  the  Americans.     Unrestricted  reciprocity  with  the  States  would  bring 
^  any  amount  of  capital  from  the  American  side,  and  the  development  of  the 
^Untry  would  then  have  the  effect  of  inducing  English  capital  ;  but  the  trouble  is 
"'^t  the  English  will  send  some  fellow  here  that  knows  nothing  about  the  business. 
2^y  development  tlwt  has  been  done  in  this  section,  with  the  exception  of   the  p™®.}^?*"  *°^ 
^Hice  mines,  has  been  done  by  American  capital.     The  English  companies  seem  to  ment'  ™*"**^ 
*^*»d  men  out  here  as  managers  who  don't  know  anything  about  their  business,    or 
f«e  requirements  adapted  to  this  country,  and  consequently  a  ijreat  deal  of  money 
**  ftpent  to  very  little  advantage.     The  Americans,  on  the  other  hand,  send  thor- 
^ghly  practical  men,   who  understand  their  business  and  think  of  something  e'se 
^*^n  putting  on  airs.     The  Eng  ish  works  that  h»tve  failed  have  generally  been  un- 
■Icceaiful  on  account  of  incompetent  management. 

JE.  McCharles ^The  removal  of  the  duty  on  iron  ore  would  have,  I  think,  the 
■•ffect  of  inducing  Americans  to  invest  in  iron  lands  on  this   side.      If  machinery  Effect  of  duty  on 
^©le  allowed  to  come  in  free  it  would  help  mining  in  this  section.      Anything  that  iron  ore,  mining: 
J^Ould  tend  to  cheai>en  the  cxpen>*e  of  developing  pr(»perty  would  have  that  effect.  JJ[JJ  meryand 
Y^^  iron  is  as  good  as  any  the  Americans  have,  and  our  salt  is  a  great  deal  better. 
*^   Michigan  the  pr«)duction  of  salt  has  increased  immensely  within  the  last  few 
7^*r8,  while  here  it  has  remained  stationary.     That  is  owing  to  the  duty,  and  were 
**  removed  the  increase  in  the  production  of  salt  in  this  country  would  be  immense. 

John  S.  Skeiccs — If  the  duty  were  removed  and  lead  ore  allowed  free  into  the  United  States 
States,  I  think  it  would  be  fully  as  good  a  market  as  England.       If  that  market  market  for  lead 
^^re  opened  to  us  we  could  resume  work  at  once  and  carry  it  on  successfully  ;  we 
*ould  ship  the  are  direct  to  Chicago.      We  are  only  nine  miles  from  a  shipping 
point,  and  the  winter  roads  are  good. 

R.  E.  Bailey  —Of  course  the  removal  of  the  duty  would  be  to  a  certain  extent  Removal  of  the 
"^Heficial.  •  Freer  trade  between  the  two  countries  would  no  doubt  help  the  devel-  ?"*-^'J*,**f^^  ^* 
■^pment  of  the  mining  properties  here  ;  it  would  encourage  people  to  coulc   here. 

James  Stable — For  iron  and  copper  I    would   expect  to  find  a  market  in  the  i^n  and  copper. 
^tate^.     I  think  the  smelting  could  be  done  here,    as  the  imp(»rting   of  the  coal 
^ould  be  cheaper  than  the  exporting  of  the  ore.     There  is  no  doubt  that  the 
-^^Bsriean  duties  greatly  interfere  with  the  development  of  iron  and  copper  mining. 
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Tbt  duty 
hiadon  trad*. 


Dr.  Edward  Peters — Were  the  diitv  taken  off  it  would   of  course  be  »  gain  tc 
that  extent,  unless  the  price  fell  and  thus  offset  that  advantage. 

Frati^is  Sp^'rnj — It  would  be  a  very  threat  adrantage  to  have  free  entrance  foi 
our  ores  to  the  markets  of  the  United  States. 


Duly  on 
naohioery. 


Copper. 


•ilvar  and 
galena. 


Machinerf  for 
■itrer  minlag. 


Francis   Andreirs— The   machinery    we    use   at    the    Sudbury    mines  is  im- 
port^id  from  the  States,  tlie  duty  being  35  per  cent.       It  would  assist  mining  ve; 
nmch  if  machinery  were  ])laced  on  the  free  list.     We  have  imi)orted  about  $15,  ~ 
worth  of   machinery  and  will  soon  have  t<»  import  a  great  deal  more—  920,000 
830,000  more. 

B.  E.   Charlton — If  the  Americiin  duty  were  removed  oflf  copper  it  would  be 
great  help.     If  it  were  removed  small  mines  could  be  worked. 

S.  J.  Dawson — Some  of  the  machinery  requisite  for  mining  can  be  obtained 
Canada  ;  other  parts  cannot  and  have  to  be  imported.     1  think  it  would  be  wise 
Mavhlnery,  iron,  admit  sucli  machinery  as  is  not  manufactured   in  the  country  at  a  nominal  du^ 
For  iron  the  market  is  in  the  States.       Silver  so  far   has  been  sent  t6  the  States 
but  on  silver  there  is  no  duty  ;  it  enters  free.      On  galena  there  is  a  very   hea^ 
duty.      In  the  case  of  galena  containing  silver  being  shipped,  if  the  silver  wore  thi 
more  valuable  it  would  go  in  free,  but  in  some  cases  the  examination  of  the  ore  t 
ascertain  the  quality  might  embarrass  the  exporter.     If  soft  coal  were  allowed  i 
free  the  ore  could  be  smelted  liere.     Coal  costs  in  Cleveland  from  81.75  to  $2.50 
ton ;  the  freight  to  Port  Artliur  is  70  cents  and  tlie  duty  is  GO  cents.     You  can  wel 
understand,  therefore,  that  the  removal  of  the  duty  would  make  a  great  difference 
The  mineral  resources  of  this  district  are  now  attracting  more  attention  than  evecr 
before,  and  more  men  of  capital  and  experience  are  coming  into  the  country.  Mos' 
of  the  caj)ital  that  is  coming  in  is  from  the  I'nited   States.      Development  withou^ 
forei^j;n  cnpital  would  be  very  much  slower  ;  the  bulk  of  the  capital  is  American* 
but  there  is  some  English. 

Thomas   Uoopt-r — The    tarill'  works   against    us    very    much.       The   manufac 
turers  of  Canada  are  not  at  all  up  to  the  times  in  the  manufacture  of  minini 
machinery,  or  in  anything  else  that  belongs  to  mining.     In  order  to  get  the  beat  w 
have  to  go  to  the  other  side  of  the  line,    and  if  we  do  not  get  the  best  it  is  better 
not  get  any  at  all  :  tlie  niost  modern  and  most   improved  machinery  is  what  wi 
want,   and  we  must  get  it  no  matter  what  the  duty  is.     The  duty  is  30  per  cent 
Candles  are  quite  an  item  with  us  in  mining.     We  must  have  camiles  made  withou 
grease  ;  they  are  nc  t  to  bo  had  in  Canada  and  we  have  to  import  them,  the  duty 
being  5  cents  ]>er  pound  and  30  per  cent.     The  candles  that  we  use  are  made  o; 
nmtton  tallow,  ]>aratKne  wax  and  resin.     Anythinif  that  we  export  does  not 
duty,  but  anything  we  import  to  improve  the  country  pays  an  exorbitant  duty. 
have  seen  good  iron  ore  here,  but  it  could  not  be  shi]>ped  at  all  (m  account  of  th 
duty  ;  the  removal  of  the  duty  would  be  necessary  to  render  it  |)08sible  to  mini 
iron  ore  in  Canada. 

T.  II.    Truthi.'Hu  ij  -Out   machinery  at    East    Silver    Mountain    mine,     wi 
the  exception  of  r>ur  <lrills,   has  been  got  mostly  in  Canada.      Our  pumps  we 
manufactured  in   Toronto  by  Williams.     1  do  not  think  if  we  wei-e  orecting  ou; 
stamp  mill  that  we  could  get  the  machinery  in  Camida  :  we   would  have  to  impoi 
at  any  late  most  of  it.     The  removal  thereforof  the  duty  on  machinery  would  be 
great  tassistance  to  miners.     What  machinery  we  have  purchased  in  Canada  has  bee 
very  good. 

Henfy  H.  yichoh—ll  wo  build  works  it  will  be  necessary  for  us  to  im- 
port a  great  part  of  our  machinery,  and  I  think  the  government  should  allow  thaft 
which  cmnot  be  had  in  Canada  to  come  in  free. 

Pt.ter  McKdlar — If  the  American  duty  were  taken  off  iron  we  would  have 
market  at  once  in  the  United  States.     It  is  not  certain  that  we  can  do   anythin^ 
with  our  iron  till  the  duty  is  taken  oft*.     It  might  be  smelted  here  with  the  ppotec— 
tmalting  plant.    ^^^^^  ^p  ^y^^  present  duty,  but  in  that  case  machinery  would  have  to  be  imported 
and  it  would  help  us  to  have  the  duty  taken  off  that  machinery.     It  has  mostly  bee: 
American  capital  that  has  been  invested  in  mining  here. 

James  Conmee.-  By  far  the  greater  amount  of  capitt\l  in  the  mines  and 
ries  here  is  American.  The  iron  locat  ions  on  our  side  are  not  being  developed  b       „ 
Oapltal.  markets  of  the  American  tariff  and  the  want  of  a  railway.     The  railway  would  oe  a  chea' 
*****  '^^  niSrtion   °"®  ^  build,  and  with  that  railway  built  and  the  duty  taken  off  the  ore,  there  wouli 
nacMiarr.  be  a  great  future  before  the  country.     We  have  got  neither  the  ci^tal  nor 

market B  ;  we  re(juire  both,  and  we  would  get  both  S  the  duties  were  onoe  rmaoved 


Iron  ore. 


Minlof 
machiner/. 


Iron  ort  and 


as:. 


^^tiae  of  the  ouvchinery  that  is  used  in  mining  can  be  got  in  Canada,  but  a  great  * 

^^'^  has  to  be  imported  from  the  States  and  a  heavy  duty  has  to  be  paid. 

.  William  Margach — Nearly  two-thirds  of  the  land  taken  up  in  the  Hunter's 

^^^^nd  district  has  been  taken  by  Americans,  and  much  the  greater  part  of  the  iron  orM  in  «k« 

^^f>ital  is  American.     A  railway  is  badly  wanted  ;  but  iron  will  not  be  worth  any-  HunUr'a itUnd 

r^^ing  to  this  country  till  the  duty  is  removed.     The  Americans  are  purchasing  ** 

^^der  the  impression  that  a  railway  will  be  built,  and  hoping  that  the  duty  will  be 

^Icen  off. 

Z).   F.  Burke — It  seems  to  me  the  mineral  whose  development  would  do  the 
Country  the  most  good  is  iron.     If  we  had  reciprocity  we  could  put  out  at  least 
^te, 000,000  worth  of  ore  a  year,  and  that  amount  of  money  would  come  annually  FVeetrado 
^to  this  district.     There  seems  to  be  no  doubt,  judging  from  the  reports  of  experi-  would encourure 
Qnced  men,  that  iron  exists  all  over  the  district  of  Algoma  in  very  large  quantities.  iJ[ndB*toni^*  *° 
A  railroad  would  do  much  to  open  up  the  country,  but  there  would  still  be  the  quanrinr 
duty   of  75  cents  a  ton  to  fight.     The  Attikokan  location  would  have  been  pur- 
chased by  Americans  if  they  had  not  thought  there  would  be  trouble  between  the 
t'vro    governments,  and  that  their  capital  would  bo  unsafe  on  that  account.     If 
reciprocity  were  adopted,  I  have  no  doubt  tliat  inside  of  three  years  we  would  ship 
out  at  least  a  million  tons  of  ore  per  annum  ;  that  is  supposing  the  railway  to  be 
built  as  well.     The  same  railway  would  open  up  at  least  175  miles  of  good  agricul- 
tural  country  out  of  300,   the  length  of  the  line.     Part  of   the  country  across 
TThunder  bay  is  all  white  sandstone,  while  the  red  sandstone  of  Nipigon  is  famous. 
If  "we  had  reciprocity,  inside  of  five  years  a  great  trade  in  building  stone  would  be 
opened   up  between  here  and  all  the  great  cities  in  the  States.     There  is  a  red 
panite  here,  said  to  be  e(|ual  to  the  Peterhead,  and  there  is  a  pretty  serpentine 
marble  upon  the  Nipigon  river  close  to  the  Hudson  bay  post. 

Jateph  Bawden — We  should  find  a  market  for  our  iron  ores  nt  Chicago  and 
IHttsbarg.     We  can  send  ore  to  Chicago  fri»m  Kingston  for  leas  than  it  can  be  brought  ^he  market  for 
from    the  lake  Superior  mines  to  Chicago.     1  think  we  could  find  a  good  market  iron  ore. 
'tbere.     The  tariff  is  the  chief,  in  fact  the  only  interference  with  successful  mining 
in  tbis  region.       If  the  duty  were  removed  the  country  would  develop  and  mining 
'Would  go  on      The  capitiil  invested  in  mining  in  this  section  is  nearly  altogether 
Ajmerican,  except  some  little  Canadian.     Tno  Be«lford  company  is  a  Canadian  com- 
pany.     The  Kingston  it  Pembroke  has  absorbed  all  the  other   companies.       Its  Capital  invested 
capital  is  S'»,000,000  all  paid  up.     Property  is  put  in  to  represent  it,  except  a  cer-  jjn^rpjjl,^ 
tain  amount  of  stock  that  was  sold  for  workin<:^  capital. 

B.    W.    Folger — Most  of  our  ore  goes  to  Cleveland.      The   Wilbnr  ore  goes  to 
I^ittsbnra: ;  they  seem  to  like  it  and  say  it  is  as  good  steel  ore  as  they  get.     Ore 
Punning  55  per  cent,  would  sell  at  Kingston  at  from  §3  to  553.50a  ton.     The  ffeight  Pronteimc  ant: 
from  here  to  Cleveland  is  75  cents,  or  less  than    half  what  it  is  from  lake  Superior.  ^•"*'*^  Iron  ore. 
If  the  duties  were  t^iken  off  we   would  i^et   that  much  more  profit  and  it  would 
^preatly  encourage  the  developing  of  properties. 

Natlumiel  M(hh*!—\  am  favorably  impressed  with  the  occurrence  of  iron  in  the 
Kingston  district.      I  believe  there  is  plenty  of  ore  here  and  of  good  quality.  Q«*^l»^v  of 
^While  the  veins  may  not  be  as  large  as  those  of  the  lake  Superior  district,  I  think  a!!dtlike^°^"* 
^hat  as  far  as  length  ami  depth  are  concerned  they  are  as  good.     J  cannot  speak  Superior  ore* 
in  regard  to  that  from  exj>erience.     I  worked  long  ago  on  the  old  Dalhousie  mine,  <^o°»pa'''**l- 
and  I  do  not  see  why  the  veins  shoidd  not  be  as  good.     As  to  quality,  I  think  they 
compare  very  favorably  with  the  lake  Superior  ore.     Of  course  here  there    are 
advantages  in  the  matter  of  freight,  but  there  is  the  duty  against  us.     We  may 
liave  a  little  the  advantage  in  cheaper  labor,  but  there  is  not  much  ditterence. 

J.  S.  Campbell — I  cannot  say  whether  we  will  resume  work  at  our  Calabogie  Cai;\bo/le  iron. 
mines.     If  the  American  duty  were  removed,  we  could  resume  and  mine  profitably. 

W,  H,  Wylie — If  the  American  duties  were  taken  otT  it  would  help  to  develop 
the  iron  properties,  but  I  do  not  know  that  it  would  benefit  the  other  ores. 

Wm,  Caldtcell — There  has  not  been  a  good  market  for  our  own  iron  ore  for  the  iron  ores. 
last  few  years,  while  there  has  been  a  very  large  development  in  the  United  States. 
If  the  American  duties  were  removed  we  could  compete  with  the  American  mines 
successfully. 

R.  C.  Clute — 1  think  it  is  impossible  to  develop  our  mines  unless  we  have  free 
trade  with  the  United  States.     I  think  the  present  law  excludes  capital,  and  both  American  capital 
ci4>ital  and  market  are  re([uired.     It  would  be  possible  to  smelt  iron  here  under  a  snd  nyrket  re- 
high  tariff,  just  as  it  would  be  to  raise  oranges,  but  it  would  not  benefit  the  '^oo^Vb. 


1  have  hail  com  muni  cation  with  people  on  the  other  side,  and  am  convin 
there  would  be  no  ililBcultj  in  developing  our  mines  if  we  had  free  tnuje 
Stii'ea.  If  we  were  on  equal  temis  we  could  compete  with  the  iron  ore  of 
Superior  district.  Our  position  is  very  favorable,  yet  with  all  in  our  favor 
been  able  to  do  nothing,  while  from  northern  Michigan  some  three  mill 
were  shipped  lust  yenr. 

fJ'.  if.  IVallbriiliif. — The  Acnerican  is  the  natural  market  of  thUcouE 
is  necessary  to  the  development  of  our  mines. 

n'tnUiw   Kriltii—Vihat  is  wanted  to  develop  the  mines  of  the  counti 

(  restricted  rccijirncity  or  commercial  union,  and  if  the  Americans  will  not 
their  duty  we  will  have  to  put  on  a  higher  duty.  If  the  Ontario  governmei 
give  H  buiiu4  of  93  a  '.on  it  could  be  uinnufnctured  cheaper  than  it  can  be  ii 

>-  l.teor(je  Hope. — I  do  not  think  mining  ever  will  amount  to  anything 

°°'  country  till  W'u  have  commercial  union.  There  ia  one  firm  that  I  am  told  i 
to  invest  812,1)00.000  and  pub  up  works  if  they  can  gut  the  Amerii^an  ma 
their  production.  f)ur  oi'vs  cuuld  be  laid  down  cheaper  at  lake  i>ortji  than 
Supenor  ores. 

^i?«m  Liii'.Hiic— It  we  hid  the  .American   market  I   think   we  conld  < 

1-  though  I  know  that  is  not  the  opinion  of  some  people.  We  would  make 
linei  and  in  that  way  could  well  liolil  our  own.  At  present  we  make  ou 
justat  good  as  the  Americ^uis  ilo.  Take  a  Canadian  stove  and  an  Amoric 
made  fmui  the  same  pattonui  and  you  cannot  tell  them  ajart. 

Thunuis  Ltdyjar-I — The  only  thing  that  can  be  done  with  our  ore  at  pi 

ore  to  send  it  t'l  the  States.  Pittsburg  \»  the  best  jilace  to  ship  to  by  all  rat 
fiei.ht  t«i  Buffalo  from  the  mines  would  be  ?l.50,  where  th^re  is  a  char| 
cents  a  toii  for  shunting  ;  Ireight  from  Buffalo  to  Pittsbui^,  $1.25.  The  d 
serious  dr.iwback  to  that  trade.  If  the  duty  were  removed  our  mines  c 
developed  as  well  «h  the  Michi'ian  mines.  The  cwt  of  mining  would  be  frc 
9I.&I).  We  would  have  an  advantige  of  from  $1  to  Sl.f'O  a  ton  iu  Freight  < 
lake  Superior  nri-s.  The  price  at  Cleveland  of  Bessemer  ore  is  86.75    The  du 

freat  obstacle.     If  the  Uehnont  mine  wus  be^ng  worked  at  the  rate  of  40t 
ay  that  wou'd  mean  duty  to  the  extent  of  830II  a  day.      It   is   estiuiat 
4,50<l,l>00  Utm  were  ajiipped  fi-om  lake  Superior  this  season,  and  tliat  in   t 
of  a  dull  st-ul  rail  market.     In  addition  to  nil  this,  in   1887  1,100,000  toi 
ted  imported  i[iti>  the  States  fi*om  Europe.       As  far  as  the  Canadian   market 
0°,  cenio'l,  six  g<'od  iron  mines  would  supply  the  whole  of  Canada,  even  if  we 
our  own  iron.     That  is  eatiuiitting  tho  consmnptiun  at  600,000  tons  of  ore. 
that  only  about  ono-thir<l  oF  lua^nutite  could  be  used  ;  they  don't  like  mc 
that  pro|iurticiri  <  f  magnetite  in  the  fui-nace.     I  am  satisfied  wo  have  more 
double  supply  of  magnetite.     Our  magnetite  mines  would  supply  the  wholi 
Dominion,  but  that  ore  cannot  he  used  by  itseif  economically. 
1  JainrK  l'r''^t'ti-~Vi'o  want  the  AmiTican   market,   but  I  do  not  think 

''    eompe  e  with  ICurnpoans,      I  do  not  think  there  is  any  use  mining  iron  and 

ore  and  sending  it  to  Kur<ipe. 
g  H.  S.  HMriiinil—  1  am  a  iner>'hant  residing  in  Toronto,   and  am   iiit«r 

mining  pro|iurties.  1  have  an  iron  mine  iu  the  township  of  Bnowdon. 
leased  it.  and  I  do  not  know  whoihor  it  is  heing  worked  at  the  present  tim 
shafi  is  down  abo^it  80  feet,  and  they  have  taken  out  a  considerable  quantit 
and  shipped  it  to  Elniira,  N.  Y.  I  do  not  think  the  venture  paid  very  well, 
would  have  gone  into  it  extensively.  If  the  American  duty  were  removed 
be  shipped  with  profit.  I  think  that  is  the  obstacle  to  the  development  of 
induBtrj-. 

C.  J.  i*ii«i(— All  the  ore  we  have  si)  far  taken  out  of  our  iron  mine  i 
burton  has  been  ahijiijeri  to  the  I'nited  States,  It  is  Our  only  market ;  w 
°°  not  ship  to  the  old  country.  The  duty  is  the  only  thing  that  prevents  us  su 
the  American  market.  If  the  duty  were  ttken  off  the  value  of  our  minim: 
ties  would  be  iiicrfased,  and  we  would  be  able  to  compete  with  the  Auierica 
in  Michigan  and  elsewhere.  If  the  dut.y  were  removed  by  tho  .American 
ment  I  can  see  no  rea-on  why  our  mines  ah  mid  not  be  develoiied  as  fully  a 
of  Michigan,  Taking  the  ores  throu^ith  that  range  in  Haliburtun  and  eastwa 
eoni;iaring  their  analyses  with  those  of  the  ores  on  lake  Superior  or  any  olhi 
of  the  United  States,  or  even  the  Spanish  ores,  I  claim  that  ther«  is  a  grdal 
portion  of  Betsemer  iron  in  the  Canadian  ores  than  in  tho  others  mentioned 
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Albert  Carpenter — We  use  soft  coal  in  burning  sewer  pipe,  and  the  duty  is  a  very  Sewer  pipe. 
*driou8  item.  We  use  from  24  to  80  tons  a  week.  There  is  also  a  duty  upon  tlie  clay 
*^^ti8  im;K)rted.     The  duty  on  sewer  pipe  is  30  per  cent.      I  do  not  think  that  if 
th©  duty  were  taken  oflf  we  could  compete  with  the  Americans  on  equal  terms  ;  they 
"^V"e  the  clay  and  the  coal  in  the  same  bed.     Some  of  the  factories  in  the  ^States  use 

^tiural  gas,  and  of  course  t  at  is  an  advantage;  but  for  that  the  cost  would  be 

**>Cfcut  the  same. 

,  Moses  Sfuyic — There  is  a  small  duty  on  building  stone,  and  of  course  we  would 

^    better  satisfied  if  there  were  no  duties  at  all.      If  the  duties  were  removed  we  Marble. 
^*^  'lid  put  up  a  large  marble  mill  at  Garden  River  aid  give  employment  to  some  300 " 
^^^H,  but  that  would  not  pay  as  long  as  the  duty  is  im[H)sed,  and  it  will  be  shipped 
building  stone. 


K 


_,  -,11  Sandftoue  at 

at  Grange  island  and  Orange  and 

comp my  is  also  working  a  location  of  80  acres.     We  ^^'^  Isiande. 
^ve  in  those  two  islands  about  2,500  acres.     It  is  red  sandstone,  the  same  as  the 


^^pital  invested.     I  am  interested  in  the  sandstone  ((uarries 
»/   ^rte  island,  and  a  Chicago  comp  my  is  also  working  a  loca 


^-Hiicago  property,  and  we  have  spent  about  85,000  in  opening  up  one  of  the  pro- 
i^rfcies.  I  do  not  know  what  depth  it  goes  to,  but  it  rises  about  100  or  1-  0  feet 
^1k>vo  the  water  level.  We  spent  the  money  to  get  at  the  place  where  the  stone 
^^«w  solid  The  cliff  is  a  Mass  of  this  red  stime.  On  b  )th  islands  it  is  near  the 
5*^rgin  of  the  lake,  so  that  vessels  could  got  to  the  property  almost  anywhere.  The 
United  States  would  be  the  market  for  that  stone.  The  stone  that  is  now  being 
^llipped  is  exported  in  its  rough  form  an  I  is  subject  to  a  duty  of  §i  a  ton.  The 
^x-chitects  like  the  stone  as  it  sUmd-i  a  great  pressure  and  resists  the  effects  of 
climate,  but  when  capitiilists  come  to  look  at  it  they  finl  the  duty  in  the  wav  and 
^His  prevents  anything  being  done.  If  the  duty  wa^  taken  off  there  would  be  no 
<lifficulty  in  operating  the  property. 

Thonuis  Marks — I  think  it  is  the  duty  that  prevents  our  sandstone  being  largely 
tised.  If  it  were  taken  off  I  think  we  could  work  the  quarries  tr)  advantage  and 
-Could  compete  on  the  American  m  irkets.  The  demand  for  it  would  be  enormous  Sandstone,  iron 
i£  once  introduced,  and  I  think  ov>0  men  would  be  employed  in  quarrying,  besides  •"**  machinery. 
^Hosc  engaged  in  dressing  it.  The  duty  up(m  iron  ore  is  very  injurious  t<.>  mining 
4ievelopment.  It  would  also  be  well  to  have  the  duty  taken  off  such  machinery  as 
is  not  made  in  Canada. 

£<iicard  J.  Whitneij — The  capitiU  of  the  Hungerford  Marble  company  is 
♦lOO.O  »0  ;  the  stock  is  held  in  Canada  and  P.  W.  Ellis  of  Toronto  is  the  president.  The  market  for 
XVo  hope  to  find  a  market  for  some  of  the  marble  in  Canada,  but  it  is  exj)ected  that  ^^^^  marble. 
t;lie  greater  part  will  be  disposed  of  in  the  States.  Entering  the  States  there  is  a 
•^uty  of  65  cent"*  a  cubic  foot  on  block  marble,  but  in  spite  of  that  there  will  be  a 
t  demand  for  this  marble  as  soon  as  we  are  in  a  position  to  supply  it.  The 
uty  on  dressed  marble  is  very  much  higher  than  on  l)lock  marble  ;  the  duty  of 
interferes  to  that  amount.  If  the  duty  was  taken  off  it  would  ]>ut  us  t»n  an 
'^dqiiAl  footing  with  the  American  quarries,  and  by  so  doing  would  give  us  a  chance 
"^o  deve'op  to  a  much  greater  extent  than  is  p«)S8ible  under  existing  circumstances  ; 
9^nd  we  could  figure  on  a  better  pn>fit  and  thureforo  would  develop  to  a  great  extent. 
^ly  experience  of  the  American  marble  market  extends  over  a  peri(Ml  of  twenty-five 
;  I  am  well  acquainted  with  the  dillerent  kin<ls  of  marbles  required,  and  am  per- 
satisfied  that  this  marble  will  take  well  on  the  American  market.  Mo-t  of  the  Machinery. 
•rq Harrying  machinery  used  has  to  be  imported  and  to  j>ay  a  duty  of  80  per  cent.  ;  the 
-^uachmery  cannot  be  got  in  Canada.  It  would  be  a  great  advantage  to  allow 
^^xuichinery  in  free  where  pe<»ple  are  tr>'ing  to  develop  property.  The  value  of  the 
:^iuusliinery  put  in  here — not  including  the  diamond  drill  which  is  free— is  from 
996,000  to  97,000. 

Alexander   McLean — I  think  that  what  is  wanted  in  this  country-  is  a  wider 
-market  ;  we  have  an  abundance  of  the  material,  but  not  the  demand  for  it.   I  think  No  proepect  of  a 
'^bey  have  crystalline  marbles  in  the  northern  part*  of  Europe  ;  if  they  have  not,  at  European  mar- 
^9tLoy  rate  they  have  other  stone  we  would  have  to  c«»mpete  with  if  we  sought  to  find  buUdinff^neT 
41  market  there.     An  experiment  of  that  kind  would  entail  a  vorv  large  ex|»endi- 
^ure.     The  Amer'can  market  would  be  much  more  promising.     We  have  cr^^stalline 
-xnarble  and  other  stones  that  we  could  sell  in  the  States  without  doubt.       I  do  not 
"fthink  they  have  a  very  considerable  amount  of  crystalline  limestone  in  the  States. 
""The   American  market  is  the  market  for   building  material.     There  i^  no  market 
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huTii  that  will  iustify  iho  oxpenditiire  of  much  money.  If  we  hcid  the  American 
market  we  c<iuid  fihip  from  Kingston  to  Chicago  ;  we  could  get  a  rate  from  the 
Thousand  iHlandH  to  Chicago  of  a  dollar  a  ton.  1  do  not  know  the  rate  to  Liver- 
pool, but  it  would  bo  very  much  more  than  that.  I  think  if  there  was  an  exten- 
sive opening  up  of  the  marble  (piarries  we  might  be  able  to  get  lower  railway  rates. 
In  order  to  attempt  to  compote  with  the  old  country  we  would  have  to  produce 
vt*ry  cheaply.  Colored  mart)le8  are  what  take  the  markets.  I  do  not  look  upon 
the  out'ook  for  the  marble  trade  in  this  country  as  good  till  such  time  as  we  hiive 
tlie  American  market.  Hero  there  is  no  market  to  justify  people  in  putting  money 
into  qtiarrioH.  The  amount  of  native  marble  here  used  is  only  a  trifle.  Most  of 
the  marble  used  in  Canada  comes  fn)m  Italy  and  the  United  States,  the  greater 
quantity  from  Italy.  A  considerable  (juantity  of  marble  is  used  in  Canada,  but  it 
is  really  not  a  largo  (piantity  ;  the  market  is  very  limited,  and  that  is  the 
great  dillioulty  tho  trade  lias  to  contend  with  here.  We  have  the  market  now  as 
completely  an  a  high  tariff  can  give  it,  but  it  is  not  large  enough  to  support  one 
quarry  tui  a  large  sc  ile.  Then  in  one  respect  marble  is  very  like  dry  goods,  certain 
kinds  are  fashionable,  .hnt  at  present  the  popular  marble  is  the  Tennesee  ;  it  ia 
retl,  with  white  an<l  varioi^ated  spots.  There  is  no  marble  we  produce  that  is  at  all 
like  it.  Those  wo  have  are  principally  crystalline  limestone.  I  have  seen  some 
very  tine  marble  in  color  and  texture  that  camo  from  back  of  Tweed,  from  a  quarr>' 
that  belongs,  I  think,  to  Mr.  Sanford  of  Hamilton.  The  color  is  white,  and  it  is 
much  less  orysUvllino  than  the  Bridgewater  marble,  but  we  cannot  tell  anything 
about  that  property  till  it  is  developed.  I  do  not  wish  to  be  understood  to  say 
that  crystnlline  marble  would  not  compare  favorably  with  other  marbles  for  useful 
purposes.  1  tl  ink  it  will  last  better  than  any  other  marble,  and  I  do  not  think  it 
will  stain  as  easily  as  the  Italian  marble.  It  would  not  take  quite  as  good  a  finish 
as  tho  iKJst  grades  of  Tennessee  marble,  but  of  coui*se  I  have  cmly  seen  what  may  be 
oallml  surface  spooimens.  1  think  the  present  duty  is  Siitisfactory,  and  I  do  not 
think  that  an  oxtm  duty  would  help  the  business  any.  I  have  heard  that  this 
cnmntry  is*  made  a  slaughter  market  of  by  the  States,  but  I  do  not  think  ihat 
ami»unt^  to  much.  We  have  Wught  Tennessee  marble  ourselves  in  the  open 
market.  Ktishion  rules  the  demand,  and  thei'e  is  not  so  much  marble  b«>ught  by 
one  person  that  the  duty  would  make  any  difference.  The  furniture  dealers  will 
not  t^ake  marble  that  is  ni»t  in  the  fashion  ;  people  will  not  buy  an  article  that  is 
uufaahionable.  It  is  imiu^ssible  to  force  Canadian  marble  on  the  market.  We 
have  no  oppt>sitiou  in  granite  from  the  United  States,  There  is  any  quantity  of 
tine  granite  in  the  Muski»ka  and  lake  Superior  districts.  It  is  said  that  it  has  been 
useil  for  bridges,  and  that  it  is  free  frv^m  checks  and  cracks.  There  is  no  object  to 
g\»  into  granite  the  way  prices  ai*e  now  unless  we  get  8i>ecial  orders.  vVe  are  not 
making  any  great  effort  to  develop  that  trade  :  but  the  marble  busine^^s  is  develop- 
iivg  rapidly. 

/v.  Tink<*thu  (WffMiiH  -There  is  no  n  arket  at  present  for  salt,  and  there  is  no 
protit  in  the  business.  If  we  had  free  trade  with  the  United  States  it  would  do^ 
great  deal.  In  Montreal  there  seems  to  be  a  prejudice  against  us.  I  do  a  fair 
trmle  with  the  French,  but  the  English-speaking  part  of  the  population  think  there 
ia  nothing  like  the  Knglish  salt.  Unless  we  get  annexation,  commercial  onioo,  re- 
cii«\>city,  or  something  of  the  kind  the  salt  imlustry  will  die  out.  We  should  be 
allow eil  to  im^K»rt  cv>al  free  for  the  n\auufacture  of  salt. 

irt^fat»#4  (r'r»iy — The  eastern  pnninces  do  not  want  a  duty  upon  salt,  btit  aa 
lo»g  aji  salt  is  allowed  in  free  there  should  not  be  a  duty  on  coal.  If  we  had  the 
American  market  it  would  be  a  gooil  thing  for  us  :  we  could  hold  our  own  tgainst 
the  Americans. 

not  know  .,»f  any  way  in  which  tho  i>nCario  pyv^m- 
salt  iaduatrv.  '  If  the  duty  were  taken  olf  it 
1  do  not  think  we  c^juld  now  send  salt  t«  the  Scaces  even 
with  a  bounty.  We  would  get  otily  ;?4  a  ton  in  Chicago,  .uid  '»ut  of  that  there 
w<.>uKl  be  the  freight  $1  and  d  ity  ;?rt)l>.  If  the  duty  were  returned  as  a  reb.ice  it 
would  ^HH>*.  A  duty  on  Euirli^h  Wit  would  help  u*  very  much.  The  Ct^n^umpcioa 
x>i  English  salt  here  is  a  tulIUou  t»arreK  and  that  «'f  Canadi:in  only  :300  ')00  barrels. 
That  and  reciprvvity  with  tae  States  w».»uld  help  us  «jTeasIy. 

John  H^insfi/nl-Thid  principal  thiu:^  that  tells  Agaiiiijc  the  sale  intiusc^  of 
Canada  t*  the  duty  on  cvuil.  We  cannot  u^c*  the  Xova  So)Cia  c>al  on  account  of  thi» 
frei^^hc.  and  there  is  no  other  ctv*l  we  cm  u*f  except  the  *>hio-  Bituminoua  slack  is 
c»>mmetvially  valuele-**  :  the  mine  owners  char^  ua  less  th  ui   it  om  s  to  pat  on  t htt 
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cars.     They  sell  it  at  10  cents  a  ton  on  board  the  cars,  and  because  there  are  a  few 

large  pieces  that  it  will  not  pay  the  miners  to  take  out  we  have  to  pay  a  duty  equal 

to  six  times  what  it  costs  at  the  mines.  We  want  free  coal,  as  well  as  other  articles 

that  enter  into  the  manufacture  of  salt.     If  we  cannot  get  these  articles  free,  then 

we  want  a  tax  on  sale  coming  into  the  country.     The  tax  of  10c.  per  lOJ  pounds 

should  be  collected  on  all  salt  except  what   is  actually  Uf*ed  by  the  tishennen.     We 

have  spent  thousands  of  dollars  and  months  of  time  in  trying  to  got  the  government 

to  do  something.     I  am  opposed  to  the  principle  of  bonuses,  but  any  remedy  would 

be  an  improvement  on  the  present  state  of  the  industry,  which  is  the  most  oppressed 

in  the  country.  With  free  trade  and  the  American  market  we  would  be  able  to  hold  Free  trade  and 

our  own  against  the  American  manufacturers  ;  we  have  confidence  in  the  quality  of  ***®  American 

our  brine,  and  in   our  ability  to  hold  our  own.     If  with  a  fair  field  we  could  not 

compete  with  them,  then  the  sooner  we  closed  up  the  better. 

Peter  McEwen — The  removal  of  the  duty  on  coal  would  benefit  the  salt  industry 
here,  but  I  do  not  think  the  American  duty  makes  much  difference.     If  we  had  united  sutes 
free  trade  they  would  beat  us  out  of  part  of  our  market,  but  we  could  take  part  of  and  English 
their  Chicago  and  lake  trade.     We  would  not  fear  them  oil  equal  terms.     A  tax  on  co™P«*l^*on. 
English  salt  would  help  us.     The  English  salt  drives  us  out  of  our  own  market. 
The  exclusion  of  that  salt  would  be  the  best  thing  for  a  while.     I  am  personally 
against  protection,  but  as  other  articles  are  protected  I  think  salt  should  be  also. 
The  English  salt  comes  out  as  ballast ;  their  labor  is  about  half  what  it  is  here,  and 
their  salt  is  only  about  300  feet  down,  and  they  can  send  from  England  to  Toronto 
as  cheaply  as  we  can.     As  matters  are  at  present  not  more  than  a  million  people 
use  our  salt.       No  doubt   that  free  trade  would  greatly   benefit  the  country  ;  I 
mean  free  trade  with  the  States. 

Joseph  Williams — The  duty  on  coal  does  not  afi^ect  me,  but  it  is  an  injustice  to  i^xed  fuel  an 
others  and  should  be  taken  oflf.     If  we  had  free  trade  with  the  States  I  would  not  injustice. 
be  afraid  of  being  able  to  hold  my  own  against  them  :  if  they  sold  here  we  could  go 
there  for  our  market. 

James  CarUr — If  we  had  a  free  market  I  don't  think  we  should  have  anything  ^j,  unfair 
to  fear  from  American  competitiDn.     I  don't  think  they  could  compete  against  us  arrangpement  of 
in  Ontario.     If  the  duty  were  put  on  the  English  as  it  is  upon  the  American  salt  it  <*"*^®«- 
would  give  the  manufacturers  here  an  opportunity  of  supplying  nearly  all  the  salt 
-consumed,  and  that  is  about  one  and  a  half  times  more  than  is  now  being  produced 
by  Canadians.     It  is  (juestionable  whether  that  would  be   an  advantage  to  us, 
because  the  salt  in  ustry  is  so  overdone  that  there  are  now  five  times  as   many 
works  as  are  needed  to  supply  the  amount  consumed,  and  if  English  and  all  Amer- 
ican salt  were  excluded  it  would  only  increase  the  consumption  one  and  a  half 
times.     We  could  not  advance  the  price,  as  business  would  still  be  overdone  to  the 
extent  of  double  what  was  required.     Matters  w^ould  arrive  at  the  same  point  they 
are  now,  and  the  only  remedy  would  be  to  cpmbine.       It  would  only  cause  works 
now  in  existence  to  start  up  ;  it  would  cause  more  production,  but  not  at  a  profit. 
1  do  not  think  it  would  be  for  the  benefit  of  the  people  at  large  to  exclude  the 
English  salt,  and  I  think  it  would  be  a  hardship  on  the  consumer.       1  think  the  The  English 
tariff  is  very  unfair  and  nonsensical   in  that  it  makes  us  compete  with  English,  salt  competition, 
here  and  pay  duty  on  the  fuel  that  we  import,  which  is  equal  to  3  cents  a  barrel. 
Now  we  have  to  pay  that  and  to  compete  against  free  English  salt.     As  to  making 
salt  pay  duty  and  allowing  a  rebate  on  all  used  for  the  fisheries,  I  cannot  see  that  . 

it  would  do  the  salt  manufacturers  any  good.  They  would  get  the  English  salt  just  businesa  in  a 
the  same  as  now,  because  the  freight  is  cheaper.  It  would  be  an  annoyance  to  limited  fleld. 
them  without  doing  the  Canadian  salt  manufacturers  any  good. 

John  A.  Barroii — As  far  as  I  can  judge  not  much  can^  be  done  till  we  get  a 
market ;  the  Canadian  market  is  too  limited.     In  order  to  supply  a  market  for  the 
excess  above  home  consumption,  it  is  necessary  that  we  have  access  to  the  Amer-  The  Canadian 
lean  market.     Free  trade  with  the  States  I  look  upon  as  the  most  important  thing  maritet  is  uo 
for  the  iron  industry.      If  we  cannot  get  the  American  market  then  the  home  "°"**^' 
market  is  better  than  nothing,  and  we  should  do  what  we  can  to  make  the  most  of 
it.     Half  a  dozen  mines  would  supply  our  own  market,   and  if  confined  to  that 
there  would  be  the  danger  of  over-production,  which  would  be  attended  with  dis- 
astrous consequences. 

W,  H,  L.  Om'don — I  reside  in  Toronto,  am  a  barrister  and  am  also  a  commis- 
sioner of  the  Canadian  Land  Emigratioa  company.     The  company  owns  nine  town- 
ships in  the  Haliburton  district.      The  land  was  bought  for  settlement  purposes  / 
over  twenty-five  years  ago,  but  it  is  more  of  a  lumber* and  mineral  than  an  agricul* 
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Miiieralt  in  Hal-  tural  country.     We  have  done  a  good  deal  of  exploring  and  have  diBCovtrcd  iron, 

iburtoD,  but  no   copper,  apatite,  galena  and  molybdenum.     We  believe  that  iron  is  to  be  found  in 

worhdnffthem     the  l.iigest  quantities  in  Dyaart,  Dudley  and  Harcourt.      There  are  indications  of 

without  an  Am-  large  quantities  in  both  Dytart  and  Harcourt.     Nothing  can  bo  done  with  iron  in 

trioan  marlcet.     ^jj^  present  state  of  the  market  owing  to  the  duty  of  76  cents,  which  shuts  ns  out 

of  the  American  market.      This  section  of  the  country  is  within  120  or  130  miles  of 

Toronto.     The  development  of  mining  there  would  be  the  greatest  boon  to  the 

settlers.     The  lumber  is  fast  disappearing,  and  unless  the  mines  are  developed  they 

will  be  in  a  bad  way  before  long,  especially  as  it  is  not  an  agricultural  country. 

E.  B.  Borran — The  federal  government  has  not  been  at  all  successful  so  far 
Wayiof  foster-    this  province  is  concerned.     Whatever  has  been  intended,  the  effect  of  its  legisla — 
lug  and  injuring  tion  has  been  to  crush  rather  than  foster  our  muiing  industries.     The  power  to 
fndiSt^*^         injure  is  undoubtedly  possessed  by  the  federal  government.     One  way  in  which 
tills  may  be  accomplished  is  by  imposing  exorbitant  duties  on  machinery,   ai  d 

everything  in  the  way  of  sUires  and  materials  used  in  mining,  dres»ing  and  smelt 

ing  the  ores,  thus  greatly  increasing  the  cost  of  production.     The  other  way  is  by 
pursuing  a  policy  calcidated  to  deprive  mining  companies  of  their  best  and  neares 
Ouitomi  duties.  Dttarket     And  how  seriously  that  may   retard  the   development  of  her  miners 
resources  must  be  a[>iMirent  to  all.     It  may  be  supi>08ed  by  many  that  the  costo; 
duties  charged  im  metals  imported  into  Canada  may  com|)ensate  for  the  burde 
otherwise  imp(»se<l  by  the  tariff,  but  a  little  reflection  will  show  that  this  is  not  th 
case.     The  tiiriff  imposes  no  duty  on  the  importation  of  gold  and  silver,  nor  would 
it  be  of  the  slightest  advantage  to  our  gold  and  silver  mines  if  it  did.      The 
places  a  duty  however  on  iron,  copper  and  lead.     But  we  have  no  mines  in  Ontario 
which  produce  iron,  copper  or  lead  in  the  metallic  state,  nor  any  so  far  as  1  knc 
at  which  the  product  is  smelted  and  sent  to  market  in  that  state.     Ours  are  strictly 
speaking  iron  ore,  copper  <  re  and  lead  ore  mines,  and  the  product  is  transported  t 
market  and  sold  as  ore.      As  may  be  seen  by  reference  to  the  tariff,  ores  of  me 
of  all  kinds  are  admitted  free.     So  long  as  there  is  no  smelting  works  or  furnaces 
in  Canada,  duties  would  be  of  no  benefit.     As  regards  other  minerals,  many 
produced  in  ([uantities  greater  than  required  for  Canadian  consumption  and  must 
be  exported,  in  which  case  the  import  duty  in  the  absence  of  combinations  does  no 
necessaiily  increase  the  price.     It  is  therefore  evident  that  whereas  our  mining 
industries  are  oppressed  by  the  tariff  on  the  one  hand,  they  really  derive  noequiTa^ 
lent  or  advantage  whatever  from  it  on  the  other  hand.  The  duties  on  imported  copper, 
lead,   iron,   etc.,   are  really  of  benefit  only  to  the  smelters,  or  those  mining  oom— 
panics  that  smelt  their  own  ores,  of   A'hich   I  <lo  not  know  of  any  in  Ontario  unless- 
it  bo  at  Sudbury.     In  the  case  of  those  mines  that  sell  their  product  in  the  shape  oP' 
ore,  these  duties  are  even   an  injury,  increasing  as  they  do  the  cost  of  engines, 
machinery,   pumps,  rails  and   tools,  in  fact  everything  into  the  manufacture   of^ 
The  bounty         which  those  metals  enter  which  is  re<iuired   for  the  working  of  the  mines.     The 
vytteni.  best  thing  the  federal  government  can  do  is  to  remove  all   duties   from  off  the- 

machinery,  materials  and  supplies,  manufactured  and -unmanufactured,  required  for^ 
mining,  ore  dressing  and  smelting  operations  and  abolish  the  protective  auties  on 
metals.     If  it  is  deemed  necessary  to  protect  the  smelters  of  iron,  copper  or  other^ 
metals,  let  it  be  done  by  giving  bounties,    which  have  this  advantage  that  we  know 
Our exi>'>rt trade  precisely  what  we  are  paying.     From  the  table  showing  the  value  of  the  minemlst— 
of  minemis.        exported  by  Canada,  as  given  in  the  report  of  the  Geological  Survey  for  1887,  it- 
appears  that  the  total  value  of  the  minerals  exported  from  1874  to  1886  was  ^^9— 
65:^,770,  of  which  §i^3,437,497  was  exported  to  and  sold  in  the  United  States. 
Nothing  more  than  this  is  retjuired  to  show  the  unportance  of  that  market ;  and 
how  necessiiry  it  is  the  federal  government  should  spare  no  effort  to  remove  every 
obstacle  to  the  freest  trade  possible  between  the  two  countries.     The  value  erf  th^- 
minerals  ex]>orted  from  Ontario  alone,  as  may  be  seen  from  the  same  report*  has- 
fallen  from  $1)55,820  in  1874  to  $18»'^,574  in  188G  ;  or,  in  other  words,  the  productiua- 
is  only  one-fifth  part  what  it  was  thirteen  years  ago,  for  all  the  minerals  produced  by 
our  mines,  with  trifling  exceptions,  are  exported.  This  reduction  in  thequnntity  and 
value  is  principally  due  to  the  suspension  of  operations  by  the  Silver  Islet  and  West? 
Canada  mining  companies, — the  former,  it  is  believed,  in  consequence  of  the  exhaus- 
tion of  the  mine,  and  the  latter  partly  in  consetpience  of  decreasing  richness  of  the 
veins  in  depth,  but  chiefly  owing  to  the  extremely  low  price  of  copper  ore.     In  the 
Free  trade  with   present  depressed  condition  of  our  mining  industries  the  federal  government  should 
the  United         remove  the  burden  imposed  by  nnequal  and  unjust  taxation,  and  pursue  a  policy 
onTlTpcrmanert  which  will  lead  to  the  free  admission  of  our  mineral  products  into  the  United 
Wiif.  State?.     Our  mining  industries  never  stoo<l  in  need  of  consideration  at  the  hands  of 
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can.'    Tbey  sell  it  at  10  cents  a  ton  on  board  the  cars,  and  because  there  are  a  few 

iai^^o  pieces  that  it  will  not  pay  the  miners  to  take  out  we  have  to  pay  a  duty  equal 

to  six  times  what  it  costs  at  the  mines.   We  want  free  coal,  as  well  as  other  articles 

that  enter  into  the  manufacture  of  salt.     If  we  cannot  get  these  articles  free,  then 

We  want  a  tax  on  sale  coming  into  the  country.     The  tax  of  10c.  per  10  J  pounds 

should  be  collected  on  all  salt  except  what   is  actually  u-ed  by  the  tishennen.     We 

have  spent  thousands  of  dollars  and  months  of  time  in  trying  to  get  the  government 

to  do  something.     1  am  opposed  to  the  principle  of  bonuses,  but  any  remedy  would 

be  an  improTement  on  the  present  state  of  the  industry,  which  is  the  most  oppressed 

ia  the  countiy.  With  free  trade  and  the  American  market  we  would  be  able  to  hold  Free  trade  and 

oup  own  against  the  American  manufacturer  ;  we  have  confidence  in  the  quality  of  the  American 

<*up  brine,  and  in   our  ability  to  hold  our  own.     If  with  a  fair  field  we  could  not  "*' 

compete  with  them,  then  the  sooner  we  closed  up  the  better. 

P^er  MeEicen — The  removil  of  the  duty  on  coal  would  benefit  the  salt  industry 
^ere,  but  I  do  not  think  the  American  duty  makes  much  difference.     If  we  had  united  sutes 
free  trade  they  would  beat  us  out  of  part  of  our  market,  but  we  could  take  part  of  and  English 
their  Chicago  and  lake  trade.     We  would  not  fear  them  on  equal  terms.     A  tax  on  co™P«Wtion. 
English  salt  would  help  us.     The  English  salt  drives  us  out  of  our  own  market. 
The  exclusion  of  that  salt  would  be  the  best  thing  f(jr  a  while.     I  am  personally 
j^ftinst  protection,  but  as  other  articles  are  protected  I  think  salt  should  be  also. 
Xlie  £nglish  salt  comes  out  as  ballast :  their  labor  is  about  half  what  it  is  here,  and 
wieir  Salt  is  only  about  300  feet  down,  and  they  can  send  from  England  to  Toronto 
*■  cheaply  as  we  can.     As  mutters  are  at  present  nut  more  than  a  million  people 
^*e    our  salt.       No  doubt   that  free  trade  would  greatly   benefit  the  country  ;  I 
'^^^an  free  trade  with  the  States. 

Joieph  Wmiaina — The  duty  on  coal  does  not  afl'ect  me,  but  it  is  an  injustice  to  laxed  fuel  an 
^'hers  and  should  be  taken  off.     If  we  had  free  trade  with  the  States  I  would  not  injustice. 
*^  afraid  of  being  able  to  hold  my  own  against  tliem  :  if  they  sold  here  we  could  go 
^"^I'e  for  our  market. 

^fames  Carter — If  we  had  a  free  market  I  don't  think  we  should  have  anything  ^^  unfair 
?^  fear  from  American  competiti Lin.      I  don't  think  they  could  compete  against  us  arrangement  of 
^■^  Ontario.     If  the  duty  were  put  on  the  English  as  it  is  upon  the  American  salt  it  <i"t*«»- 
^'^^Uld  give  the  manufacturers  here  an  opportunity  «>f  supi)Iying  nearly  all  the  salt 
^^*i«iimed,  and  that  is  alM>ut  one  and  a  half  times  more  than  is  now  being  produced 
Py    Oanadians.     It  is  (|ue8tionable   whether  that  would  be   an  advantage  to  us, 
^diuse  the  salt  in  ustry  is  so  overdone  tluit  there  are  now   five  times  as   many 
^orlcft  as  are  needed  to  supply  the  amount  consumed,  and  if  English  and  all  Amer- 
**r^x^  salt  were  excluded  it  would  only  increase  the  consumption   one  and  a  half 
^Hiaes.     We  could  not  advance  the  price,  as  busine^^s  would  still  be  overdone  to  the 
^^t^ent  of  doable  what  wa^  required.     Matters  would  arrive  at  the  same  point  they 
'^^"^  now,  and  the  only  remedy  would  be  to  cpmbine.       It  would  only  cause  works 
^^w  in  existence  to  start  up  ;  it  would  cause  more  production,  but  not  at  a  profit. 


«: 


^o  not  think  it  would  be  for  the  benefit  of  the  people  at  large  to  exclude  the 


^jglish  salt,  and  I  think  it  would  be  a  hardship  on  the  consumer.  1  think  the  iiie  English 
^l^'^xffig  very  unfair  and  nonsensical  in  that  it  make»  us  compete  with  English,  salt  competition, 
^^^^e  and  pay  duty  on  the  fuel  tliat  we  import,  which  is  equal  to  3  cents  a  barrel. 

*^"**'  we  have  to  pay  that  and  to  compete  against  free  English  salt.     As  to  making 


?^lt.  pay  duty  and  allowing  a  rebate  on  all  used  for  the  fisheries,  I  cannot  see  that  . 

i-K  ^*^^^^  ^^  ^^®  ^^  manufacturers  any  good.     They  would  get  the  English  salt  just  biuinMs  ?n  a 

*J^  same  as  now,  because  the  freight  is  cheaper.     It  would  be  an   annoyance  to  limited  field. 

^^»»i  without  doin^  the  Canadian  salt  manufacturers  any  good. 

John  A,  Barron — As  far  as  I  can  judge  not  much  can  be  done  till  we  get  a 
b ;  the  Canadian  market  is  too  limited.     In  order  to  supply  a  market  for  the 
above  home  consumption,  it  is  necessary  that  we  have  access  to  the  Amer-  The  Canadian 
1^^**^  market.     Free  trade  with  the  States  1  look  upon  as  the  most  important  thing  maritet  ii  teo 
J^**  tte  iron  industry.      If  we  cannot  get  the  A  merican  market  then  the  home  ^™*****- 
^^^^^ket  is  better  than  nothing,  and  we  should  do  what  we  can  to  make  the  most  of 
.^       Half  a  dosBcn  mines  would  supply  our  own  market,   and  if  confined  to  that 
*^^^©  would  be  the  danger  of  over-production,  which  would  be  attended  with  dis- 
^ti^ns  oonseqaences. 

W.  H,  It.  Oovdo^x — I  reside  in  Toronto,  am  a  barrister  and  am  also  a  commis- 
^^er  of  the  Canadian  Land  Emigration  company.  The  company  owns  nine  town- 
^ps  in  ihe  Haliburton  district.      The  land  was  bought  for  settlement  purposes  / 

^^er  twenty-five  years  ago,  but  it  is  more  of  a  lumber' and  mineral  than  an  agricul- 
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Thomas  Hooper — We    use    a   great  amount   of   fuel,    and   the   forests    here 

will  not  supply  us  long.     When  we  work  with  a  full  force  at  our  present  capacity 

The  need  of  a      we  clear  two  or  three  acres  every  two  days.      We  require  about  450  acres  annually 

railway  to  bring  even  at  our  present  capacity,  so  that  it  will  not  be  long  before  we  will  havp  to  come 

minol!       *'  ^^'  down  to  coal.     If  we  don't  get  a  railway  inside  of  three  years  there  will   nit  be  a 

tree  seen  in  this  part  of  the  country.      The  fuel  is  poor  ;  one  cord  of  good  maple  is 

worth  three  of  poplar.     Since  the  17th  of  March  last  to  date  we  have  paid  the 

Canadian  Pacific  railway  for  freight  81,394,  chiefly  for  freight  from   Port   Arthur. 

Farming  land.     Jn  the  Whitefisli  valley  00  per  cent,  of  the  land  is  good  for  settlement ;  the   soil  is 

a  clay  subsoil  with  a  stindy  loam.     1  cannot  tell  you  about  the  frosts,   but  I  never 

saw  better  potatoes  than  were  raised  within  twelve  miles  of  here. 

Wm.  Murdodi — A   railway   to   the   district   west  of  Port  Arthur  would  do 

The  value  of        wonders  to  develop  the  mining  industry,  and  I  am  convinced  that  the  traffic  would 

rallwa)  service    pay  from  the  beginning.     It  is  necessary  to  the  development  of  the  mining  industry, 

country!  and  would  bring  capitalists  into  the  country.     The  Fraser-Chalmers  Co.  of  Chicago 

export  mining  machinery  all  over  the  world,  and  were  the  industry  developed  here 

I  believe  they  would  start  a  factory  here.     In  the  meantime  I  think  it  would  be 

wise  to  allow  machinery  not  made  in  Canada  to  come  in  free. 

The  want  of  Heiinj  RoihweXl — The  starting  of  smeltincf  works  by  the  government  would  no 

railway  com-  doubt  do  some  good,  but  everything  hinges  upon  the  railway.  If  we  had  a  railway 
£ya  mtoiog  *  ^^  would  give  a  great  impetus  to  the  silver  mining  business  ;  the  woods  would  be 
deTelopment.       alive  with  prospectors,  and  capital  would  come  in  freely.       I   know  a  great  many 

claims  in  the  neighborh'  »od  that  are  lying  idle  and  cannot  be  worked  owing  to  the 

want  of  a  railway. 

Heavy  coet  of  ^-  ^'  -Mcm^(/o)n^r»/~  Quite  an  amount  of  ore  has  been  taken  out  of  our  mine, 

freight.  but  none  has  been  shipped,  as  it  cannot  be  shipped  profitably  from  this  point  on 

account  of  the  freit^ht,  which  is  so  high.  To  ship  freight  to  Port  Arthur  cofita  one 
cent  a  pound,  and  this  spring  I  had  to  pay  as  high  as  two  cents.  A  railway  would 
enable  me  to  handle  the  ore  properly.  I  think  it  would  be  better  to  treat  the  ore 
here  than  to  ship  it,  as  then  light  grade  ore  could  be  worked. 

Proepects  of  T.  H.  Tretheivey — The  construction  of  a  railway  to  the  Silver  Mountain  mine 

traffic  to  the        would  result  in  gr^at  development  and  in  increased  prosperity.      1  believe  there 

mines.    ^"°        would  be  business  enough  from  the   beginning  to  pay,   and  a  rapid  and  steady 

increase  in  the  volume  of  business  the  road  would  do.     Colonisation  roads,  even  if 

in  good  condition,  will  not  answer,  because  freights  would  be  so  high  that  it  noold 

be  impossible  to  go  further  west  than  here  on  such  roads. 

A  railway  to  Henry  H.  Nichols — Before  there  is  any  development  of  any  account  at  Silver 

Silver  Mountain  Mountain  there  must  be  a  railway.     As  it  is  now.  freight  from  here  to  Port  Arthur 
* "•••"»*y-         costs  «1.50  per  100  lb.,  and  nothing  but  the  richest  ore  will  stand  that.      We  pro- 
pose to  develop  our  mine,  but  we  must  wait  for  better  shipping  facilities  before  we 
can  do  much.     This  section  cannot  get  on  any  longer  without  a  railway,  and  I 
think  a  railway  would  create  a  regular  boom. 

George  A.  Shuw — I  am  interested  in  West  Silver  Mountain  mine,  and  it  is  our 

.Machinery.  intention  to  put  up  a  large  stamp  mill  there.     We  got  some  of  our  machinery  from 

Toronto  and  some  from  the  States.       I  think  we  can  get  all  we  want  in  Canada. 

There  are  certain  kinds  of  machinery  that  I  think  should  be  allowed  to  come  in 

free.     But  what  retards  mining  development  there  more  than  anything  else  is  the 

A  railway  and      want  of  a  railway  and  good  roads.     It  would  cost  about  $20  a  team  for  each  trip 

public  roadi       now  from  Port  Arthur  to  Silver  mountain.       A  team   could  take  a  ton  in  the 

needed.  winter,  but  in  the  fall  and  spring  it  could  not  take  half  a  ton. 

Arthur  Harvey — I  live  in  Toronto  and  have  taken   a  deep  interest  in  mining 

matters  for  the  last  twenty  or  twenty-five  years.     I  am  interested  in  the  silver 

Promiiiof  woric  district  west  of  Port  Arthur  and  the  gold  district  at  Rat  Portage.      I  am  interested 

jy^rESway'com*  "*  three  or  four  silver  locations,  only  one  of  which  has  been  partly  developed,  280R ; 

rounieattoB.        it  is  northwest  of  Whitetish  lake.     We  put  down  two  shafts  of  25  or  30  feet,  but 

we  are  stopped  till  a  railway  is  built.     Everything  is  very  promising,  but  we  do 

not  think  that  we  can  do  anything  till  we  get  a  railway.       The  distance  to  Port 

Arthur  is  about  55  miles.     I  think  a  railroad  built  there  would  lead  to  very  large 

developments,  and  the  first  40  or  50  miles  of  it  would  pay  from  the  very  start.      It 

is  the  experience  in  Colorado  that  three  good  working  mines  will  keep  a  railroad. 

I  think  the  railway  question  is  the  only  one  that  the  government  can  deal  with  in 

the  interest  of  mining  development. 
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*    F.  Andrews — In  r^ard  to  transportation,  I  consider  $7  a  ton  is  an  excessive  At  the  meicy  of 
-charge.     It  has  been  sent  from  San  Francisco  to  New  York  for  that  rate.      We  are  one  niiwmy. 
at  the  mercy  of  one  railway  at  Sudbury  ;  another  would  help  mining  considerably. 

JS,  P,  Mcintosh — ^The  construction  of  railways  for  the  opening  up  of  mineral 
regions  should  be  the  object  of  special  and  most  generous  encouragement.    This  policy  Bailway  comma- 
sliould  apply  to  both  Provincial  and  Dominion  governments,  and  if  it  were  done  Sercnerouriy*** 
Caii&dian  industries  would  receive  a  healthy  impetus  that  would  be  a  surprise  to  encouraged. 
yonr  most  sanguine  friends.     On  the  other  hand,  if  the  present  policy  continues 
the  present  state  of  afiSsdrs  will  continue.     With  such  spasmodic  efforts  as  have  been 
msde  by  you  to  buck  against  it,  it  has  been  the  inevitable  result  that  has  followed 
every  one  of  the  enterprises.     Nature  has  done  her  part     Will  your  governments 
do  Anything  to  add  to  the  talent  temporarily  entrusted  to  your  keeping  ?    The  Favorable  raii- 
^na-^er  to  this  question  is  all  that  there  is  between  what  now  is  and  what  ought  to  ^•y  nten. 
^-        The    shipping    facilities    are    all  over  the  Canadian   Pacific  railway.     The 
Tna'yJTnum  rate  for  the  output  of  these  mines  and  for  the  coke  and  coal  which  should 
he  bctken  into  them  was  given  to  us  by  the  president  of  that  company,  Mr.  Van- 
HaiTae,  before  any  shipments  were  made,  and  were  quite  satisfactory.     It  is  only 
JQstzice  to   Mr.  YanHome  to  say  that  from  the  first  he  has  manifested   a  great 
iiit^T^est  in  the  success  of  the  enterprise,  and  has  not  only  expressed  a  willingness 
"^  ^<^,  but  has  already  done  much  to  aid  in  its  efforts  to  develop  the  property. 

^ .  J.  Cattanach — I  think  it  is  extremely  important  that  the  mineral  districts  The  mineral 
^  tlie  province  should  be  opened  up  by  railways  and  colonisation  roads,  and  I  districta  should 
h®*i^ve  that  the   province   at    large    would   derive    great  advantages    therefrom,  by  railways  and 
Talc©  the  case  of  the  suggested  James'  Bay  railway  ;  that  line  will  go  through  a  colonisation 
y®*  J^  interesting  country  and  a  large  area  of  government  lands,  besides  bringing  us  *'®*"®* 
''^^^o  connection  with  the  waters  of  the  Hudson  bay.     In  reference  to  the  district 
*2^'th  and  west  of  Port  Arthur,  I  think  it  is  a  matter  of  great  importance  to  the 
J'^^^le  province  that  a  railway  should  be  built  from  Port  Arthur  to  meet  the  Iron 
?^'»Xge  road  from  Duluth  ;  there  is  suflicient  mineral  development  there  to  justify 
it.^        From  Port  Arthur  to  Whitefish  lake  there  is  ample  development  to  justify  a 
'*?i'^ay  independently  of  anything  beyond ;  the  distance  to  Whitefish  lake  is  48  A  railway  to 
?"i^s.     But  1  think  in  the  interest  of  the  country  the  road  should  branch  into  the  gj'JveiTnd^ron 
^^*^  country  near  the  boundary  line  on  our  side.     I  cannot  say  whether  it  is  a  con-  wealth  of  the 
^^'ixation  of  the  Vermilion  range,  but  I  believe  the  ore  to  be  immense  in  quantity  lake  Superior 
^'^•i  good  in  quality.     I  believe  that  the  development  of  that  range  would  largely  ^""*''>'- 
P^^>tnote  the  trade  of  the  country  and  open  up  that  particular  district.     I  think  it 
▼c>vald  be  well  to  strike  from  Whitefish  lake  southerly  towards  this  range  and 
^^^erly  towards  Rainy  river,  passing  the  Huronian  range.     Both  roads  might  use 
wi^   same  line  from  Port  Arthur  to  Whitefish  lake  ;  but  &  only  one  of  them  can  be 
y^»ilt  just  now  I  think  it  should  be  the  Port  Arthur,   Duluth  and  Western  railway.  J^on^n^^ 
}l   ^^Uiderstand  that  the  Iron  Range  railway,  as  it  is  called,  was  built  in  1887  from  railway. 
^^^nth  into  the  iron  range  of  northern  Minnesota.      The  state  of  Minnesota  largely 
''^^^•idised  the  railway  by  giving  a  bonus  or  aid  of  10,000  acres  per  mile.     The  iron 
''^'^e  was  the  objective  point  of  the  road.     If  the  road  were  built  on  our  side  the 
^J^  would  probably  be  transported  to  Port  Arthur  or  Fort  William  and  shipped 
.'•'^ire.     The  Iron  Range  railway  transported  to  Duluth  or  Two  Harbors  and  shipped 
J^Hi  there  last  year  about  350,000  tons,  I  am  informed.     The  principal  trade  of 
r^*inth  to-day  is  iron  and  grain.     1  have  heard  from  contractors  who  haVe  been 
.^■^^mining  the  line  of  the  Port  Arthur  and  Duluth  road  lately  that  they  think  the 
^'^^ie  of  the  silver  mines  along  this  line  would  be  enough  of  itself  to  warrant  the  ^he  Sheban- 
j^J^lding  of  the  road  ;  and  I  know  that  with  moderate  assistance  from  the  provincial  dowtn  countrj'. 
^p!Kialature  they  would  undertake  the  risk  of  construction.     A  railway  to  the  west  of 
^  ""^Kander  bay  would  open  up  the  iron  range,  and  by  so  doing  would  create  a  large 
'^^e.     It  would  open  up  the  Shebandowan  country,  which  is  a  very  important 
r^^^ntry  as  far  as  gold  is  concerned.     I  understand  from  good  judges,   i>ractical  as 
^_^Xl  as  scientific,  that  the  rock  there  is  the  true  gold-bearing  rock.     I  sold  the  160 
£^^''«s  on  which  the  Huronian  mine  is  located  for  $50,000  cash  for  the  owners,  and 
..  ^^uderstand  the  present  owners  have  spent  between  8100,000  and  8150,000  upon 
Eveiything  is  ready  to  go  on  with  the  work,  but  the  means  of  communication 
^5''^  so  bad  that  it  practically  prevents  work  at  all.     It  costs  about  870  a  ton  to  get 
^^^  in,  and  that  renders  the  expense  so  high  that  nothing  but  very  high  grade  ore 
'^J^^  stand  it     Railways  and  roads  are  what  the  country  requires.     In  1877  the  JJonilSon  '** 
^^T^tario  legislature  passed  an  act  called  the  Railway  Land  Subsidy  act  which  recites  railways. 
^^^t  it  would  be  to  the  interest  of  the  province  at  large  to  have  colonisation  rail- 
*^^yB  through  the  unsettled  lands,  and  it  provides  a  scheme  for  aiding  those  rail- 
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the  States. 


Free  English 
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Th    tax  on  fuel. 


here  that  will  justify  the  expenditure  of  much  money.  If  we  hcid  the  American 
market  we  could  ehip  from  Kingston  to  Chicago  ;  we  could  get  a  rate  from  the 
Thousand  Islands  to  Chicago  of  a  dollar  a  ton.  1  do  not  know  the  rate  to  Liver- 
pool, but  it  would  be  very  much  more  than  that.  1  think  if  there  was  an  exten- 
sive opening  up  of  the  marble  quarries  we  might  be  able  to  get  lower  railway  rates. 
In  order  to  attempt  to  compete  with  the  old  country  we  would  have  to  pmduce 
very  cheaply.  Colored  marbles  are  what  take  the  markets.  I  do  not  h>ok  upon 
the  outlook  for  the  marble  trade  in  this  country  as  ^ood  till  such  time  as  we  have 
the  American  market.  Here  there  is  no  market  to  justify  people  in  putting  money 
into  quarries.  The  amount  of  native  marble  here  used  is  only  a  trifle.  Most  of 
the  marble  used  in  Canada  comes  from  Italy  and  the  United  States,  the  greater 
quantity  from  Italy.  A  considerable  quantity  of  marble  is  used  in  Canada,  but  it 
is  really  not  a  large  quantity  ;  the  market  is  very  limited,  and  that  is  the 
great  difficulty  the  trade  has  to  contend  with  here.  We  have  the  market  now  as 
completely  as  a  high  tariff"  can  give  it,  but  it  is  not  large  enough  to  support  one 
quarry  on  a  large  scile.  Then  in  one  respect  marble  is  very  like  dry  goods,  certain 
kinds  are  fashionable.  Just  at  present  the  popular  marble  is  the  Tennesee  ;  it  is 
red,  with  white  and  variegated  spots.  There  is  no  marble  we  produce  that  is  at  all 
like  it.  Those  we  have  are  principally  crystalline  limestone.  I  have  seen  some 
very  fine  marble  in  color  and  texture  that  came  from  back  of  Tweed,  from  a  quarry 
that  belongs,  I  think,  to  Mr.  Sanford  of  Hamilton.  The  color  is  white,  and  it  is 
much  less  crystalline  than  the  Bridgewater  marble,  but  we  cannot  tell  anything 
about  that  property  till  it  is  developed.  I  do  not  wish  to  be  understood  to  say 
that  crystalline  marble  would  not  compare  favorably  with  other  marbles  for  useful 
purposes.  I  tl  ink  it  will  last  better  than  any  other  marble,  and  I  do  not  think  it 
will  stain  as  easily  as  the  Italian  marble.  It  would  not  take  quite  as  good  a  finish 
as  the  best  grades  of  Tennessee  marble,  but  of  course  1  have  only  seen  what  may  be 
called  surface  specimens.  I  think  the  present  duty  is  satisfactory,  and  1  do  not 
think  that  an  extra  tluty  would  help  the  business  any.  I  have  heard  that  this, 
country  is  made  a  slaughter  market  of  by  the  States,  but  I  do  not  think  that 
amounts  to  much.  We  have  bought  Tennessee  marble  ourselves  in  the  open 
market.  Fashion  rules  the  demand,  and  there  is  not  so  much  marble  bought  by 
one  person  that  the  duty  would  make  any  difference.  The  furniture  dealers  will 
not  take  marble  that  is  not  in  the  fashion  ;  people  will  not  buy  an  article  that  is 
unfashionable.  It  is  impossible  to  force  Canadian  marble  on  the  market.  We 
have  no  opposition  in  granite  from  the  United  States.  There  is  any  quantity  of 
fine  granite  in  the  Muskoka  and  lake  Superior  districts.  It  is  said  that  it  has  been 
used  for  bridges,  and  that  it  is  free  from  checks  and  cracks.  There  is  no  object  to 
go  into  granite  the  way  prices  are  now  unless  we  get  special  orders.  vVe  are  not 
making  any  great  effort  to  develop  that  trade  ;  but  the  marble  business  is  develop- 
ing rapidly. 

Dr.  Timothy  Coleman — There  is  no  n  arket  at  present  for  salt,  and  there  is  no 
profit  in  the  business.  If  we  had  free  trade  with  the  United  States  it  would  do  a 
great  deal.  In  Montreal  there  seems  to  be  a  prejudice  against  us.  I  do  a  fair 
trade  with  the  French,  but  the  English-speaking  part  of  the  popidation  think  there 
is  nothing  like  the  English  salt.  Unless  we  get  annexation,  commercial  union,  re- 
ciprocity, or  something  of  the  kind  the  salt  industry  will  die  out.  We  should  be 
allowed  to  import  coal  free  for  the  manufacture  of  salt. 

WiUUtm  Gray — The  eastern  provinces  do  not  want  a  duty  upon  salt,  but  as 
long  as  salt  is  allowed  in  free  there  should  not  be  a  duty  on  coal.  If  we  had  the 
American  market  it  would  be  a  good  thing  for  us  ;  we  could  hold  our  own  against 
the  Americans. 

John  Tolmie — I  do  not  know  of  any  way  in  which  the  Ontario  govern- 
ment could  assist  the  salt  industry.  If  the  duty  were  taken  off  it 
would  help  us  materially.  I  do  not  think  we  could  now  send  salt  tr  the  States  even 
with  a  bounty.  We  would  get  only  $4  a  ton  in  Chicago,  and  out  of  that  there 
would  be  the  freight  ^1  and  duty  $1.60.  If  the  duty  were  returned  as  a  rebate  it 
would  pay.  A  duty  on  English  salt  would  help  us  very  much.  The  consumption 
of  English  salt  here  is  a  million  barrels,  and  that  of  Canadian  only  300,000  barrels. 
That  and  reciprocity  with  the  States  would  help  us  greatly. 

John  Ransford — The  principal  thing  that  tells  against  the  salt  industry  of 
Canada  is  the  duty  on  coal.  We  cannot  usd  the  Nova  Scotia  coal  on  account  of  the 
freight,  and  there  is  no  other  coal  we  can  use  except  the  Ohio.  Bituminous  slack  i& 
commercially  valueless  ;  the  mine  owners  charge  us  less  than   it  cos's  to  put  on  the 
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«ars.     They  sell  it  at  10  cents  a  ton  on  board  the  cars,  and  because  there  are  a  few 

large  pieces  that  it  will  not  pay  the  miners  to  take  out  we  have  to  pay  a  duty  equal 

to  six  times  what  it  costs  at  the  mines.   We  want  free  coal,  as  well  as  other  articles 

that  enter  into  the  manufacture  of  salt.     If  we  cannot  get  these  articles  free,  then 

"we  want  a  tax  on  salt  coming  iuto  the  country.     The  tax  of  10c.  per  lOJ  pounds 

should  be  collected  on  all  salt  except  what   is  actually  u?«ed  by  the  tishennen.     We 

have  spent  thousands  of  dollars  and  months  of  time  in  trying  to  get  the  government 

to  do  something.     1  am  opposed  to  the  principle  of  bonuses,  but  any  remedy  would 

be  an  improvement  on  the  present  state  of  the  industry,  which  is  the  most  oppressed 

in  the  country.  With  free  trade  and  the  American  market  we  would  be  able  to  hold  Fre«  trade  and 

our  own  against  the  American  manufacturers  ;  we  have  confidence  in  the  quality  of  ****  52*''^^'*" 

our  brine,  and  in   our  ability  to  hold  our  own.     If  with  a  fair  field  we  could  not  "*' 

compete  with  them,  then  the  sooner  we  closed  up  the  better. 

Peter  McEwen — The  removal  of  the  duty  on  coal  would  benefit  the  salt  industry 
here,  but  I  do  not  think  the  American  duty  makes  much  difference.     If  we  had  united  sutes 
free  trade  they  would  beat  us  out  of  part  of  our  market,  but  we  could  take  part  of  and  Ensrlish 
their  Chicago  and  lake  trade.     We  would  not  fear  them  on  equal  terms.     A  tax  on  competition. 
English  salt  would  help  us.     The  English  salt  drives  us  out  of  our  own  market. 
The  exclusion  of  that  salt  would  be  the  best  thing  for  a  while.     I  am  personally 
against  protection,  but  as  other  articles  are  protected  I  think  salt  should  be  also. 
The  English  salt  comes  out  as  ballast :  their  labor  is  about  half  what  it  is  here,  and 
their  Salt  is  only  about  300  feet  down,  and  they  can  send  from  England  to  Toronto 
as  cheaply  as  we  can.     As  matters  are  at  present  not  more  than  a  million  people 
use  our  salt.       No  doubt   that  free  trade  would  greatly  benefit  the  country  ;  I 
mean  free  trade  with  the  States. 

Joseph  Williams — The  duty  on  coal  does  not  afl^ect  me,  but  it  is  an  injustice  to  luced  fuel  an 
others  and  should  be  taken  off.     If  we  had  free  trade  with  the  States  I  would  not  injuitice. 
be  afraid  of  being  able  to  hold  my  own  against  them  :  if  they  sold  here  we  could  go 
there  for  our  market. 

James  Carter — If  we  had  a  free  market  I  don't  think  we  should  have  anything  ^^  unfair 
to  fear  from  American  competition.     I  don't  think  they  could  compete  against  us  arrangpement  of 
in  Ontario.     If  the  duty  were  put  on  the  English  as  it  is  upon  the  American  salt  it  <*"*'«■• 
-would  give  the  manufacturers  here  an  opportunity  of  supplying  nearly  all  the  salt 
•consumed,  and  that  is  about  one  and  a  half  times  more  than  is  now  being  produced 
by  Canadians.     It  is  questionable   whether  that  would  be   an  advantage  to  us, 
because  the  salt  in  ustry  is  so  overdone  that  there  are  now  five  times  as   many 
works  as  are  needed  to  supply  the  amount  consumed,  and  if  English  and  all  Amer- 
ican salt  were  excluded  it  would  only  increase  the  consumption  one  and  a  half 
times.     We  could  not  advance  the  price,  as  business  would  still  be  overdone  to  the 
extent  of  double  what  was  required.     Matters  would  arrive  at  the  same  point  they 
are  now,  and  the  only  remedy  would  be  to  cpmbine.      It  would  only  cause  works 
now  in  existence  to  start  up  ;  it  would  cause  more  production,  but  not  at  a  profit. 
I  do  not  think  it  would  be  for  the  benefit  of  the  people  at  large  to  exclude  the 
English  salt,  and  I  think  it  would  be  a  hardship  on  the  consumer.       I  think  the  The  Eaglith 
tariff  is  very  unfair  and  nonsensical  in  that  it  makes  us  compete  with  English,  salt  competition, 
here  and  pay  duty  on  the  fuel  that  we  import,  which  is  ec^ual  to  3  cents  a  barrel. 
Now  we  have  to  pay  that  and  to  compete  against  free  English  salt.     As  to  making 
aalt  pay  duty  and  allowing  a  rebate  on  all  used  for  the  fisheries,  1  cannot  see  that  .  . 

it  would  do  the  salt  manufacturers  any  good.  They  would  get  the  English  salt  just  businew  in  a 
the  same  as  now,  because  the  freight  is  cheaper.  It  would  be  an  annoyance  to  limited  field, 
them  without  doing  the  Canadian  salt  manufacturers  any  good. 

John  A.  Barroii — As  far  as  I  can  judge  not  much  can^  be  done  till  we  get  a 
market ;  the  Canadian  market  is  too  limited.     In  order  to  supply  a  market  for  the 
excess  above  home  consumption,  it  is  necessary  that  we  have  access  to  the  Amer-  The  Canadian 
ican  market.     Free  trade  with  the  States  I  look  upon  as  the  most  important  thing  maritet  is  teo 
for  the  iron  industry.      If  we  cannot  get  the  American  market  then  the  home  "°"**^- 
market  is  better  than  nothing,  and  w«  should  do  what  we  can  to  make  the  most  of 
it.     Half  a  dozen  mines  would  supply  our  own  market,   and  if  confined  to  that 
there  would  be  the  danger  of  over-production,  which  would  be  attended  with  dis- 
astrous consequences. 

W.  H.  L.  Goi'don — I  reside  in  Toronto,  am  a  barrister  and  am  also  a  commis- 
sioner of  the  Canadian  Land  Emigration  company.     The  company  owns  nine  town- 
ships in  the  Haliburton  district.      The  land  was  bought  for  settlement  purposes  / 
•over  twenty-five  years  ago,  but  it  is  more  of  a  lumber* and  mineral  than  an  agricul- 
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93 

cwt. 
10.354 
1,033 
8 

M89 
866 
18 

cwt 
31 

cwt. 

cwt. 

2,422 

S84 

6,49S 

898 
40 

Totals 

6,480 

1,091 
133 

11,294 
3,873 

lis 

6.773 

"g 

67 

6,247 

1,286 

324 

2 

3,683 

970 
28 

3,117 

886 

67 

Great  Britain 

United  Sutee 

Other  oountriea. . , 

938 
48.449 

■■"2;8i2' 

1,224 

69,810 
*  4,019' 

2.986 
68.337 

1,893 

72,281 

1 

4,705 

66 

172 

1,612 
60,242 

998 
62.868 

943 
99,636 

Band  and  hoop  iron  ; 
Groat  BriUio { 

United  State. ( 

'•IS 

334 

"g 

4,048 

31 

61,261 

„       ^"^^ { 

73,860 

69,811 

77,138 
66 

756,644 

63.044 
637,169 

66.622 

58 

667,058 

10S.684 

Bar.  and  ingot. : 

Great  Britain  { 

668.977 
173,105 
18.484 
3.^,230 

15,821 
3,891 

857.238 
208,274 

lfi.726 
113.329 

17,531 
7,779 

859.566 
318,964 
31,893 
46,574 
19.547 
6,161 

967.286 

United  State. | 

3^293 

34,079 

32,8*3 

84,827 

Other  conntrie.  . , .  { 

12.848 

16,877 

17.066 

17,478 

ToUU { 

601,282 

•209.326 

6.^430 

10,594 
319 

891,4!H 
•328.382 

79.855 
8.8.56 
2,337 

900,996 

•371.699 

61,313 
7,163 
3,294 

808.685 

687.126 

706.967 

1,019,591 

Great  Britain  

Uoited  States 

Other  oountriea 

83,694 
8,.170 
1.033 

64,136 
7.400 
1,688 

103.831 

8.271 
2;426 

106,117 
939 

„.   Total. 

BoIta,nut»andriveta; 
Great  Britain / 

66,343 

91,048 

91.769 

91,987 

73,124 

114,628 

113.049 

1,411 

1,106 

15,636 

2,540 

4.866 

United  State. I 

3.Mi4 
176 

3.045 

1.696 

368 

363 

~ 

Can«ia  plate.: 

Great  Britain     .■ 

United  Statea. . 

65,944 

60.663 
129 

3.161 

68.903 
139 

17,232 

78.689 
966 

2,908 

106.796 
166 

5.229 

104.564 

398 

176 

112,670 
173 

65.044 

47.035 

190 

60.792 

47.781 

3.356 

467 

69,012 

73,600 
2,436 
'394 

79,656 

44.815 
2,203 
535 

106.962 

41,230 
1,096 
330 

104,962 

39.570 
2:173 

682 

112.842 

32,971 

2.098 

703 

Great  Britain 

United  rttat*. 

Other  eoontri™ 

,        Total. 

to"*  bridge,  .nd  stnio- 

tiiroliron  H-ork: 

Great  Britain { 

48,430 

12,508 
**'h;658' 

51.604 

14,392 
■"'36I272' 

76.430 

7.850 

47.543 

26.328 

■"'69i786' 
58,630 

42,656 

2,538 

■■"8.284' 
19.900 

42.325 

36,772 

6,192 

2.043 
2,142 

United  Stak-s L  ^ 

69! 
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IMPORTS    OF    IRON    AND    STBEL    M  ANUF  AOTURKS. 

'  Tablx  ui. — Showing  by  quantities  the  articles  of  manufactures  of  iron  and  steel  imported,  etc. — Continued 


Articles. 

D 

D 
F 

D 
(i 

it 
tt 

D 
F 
D 
F 

D 
P 

O 
F 

D 
F 
D 
F 
D 

D 

♦f 

D 

4( 

i( 

(4 

D 
F 
D 
F 

1> 
F 

D 
F 

D 
P 
I) 

(( 
F 

D 

F 

D 

F 

D     1 

F 

D 

1881. 

1882. 

1883. 
cwt. 

1884. 

1885. 

1886. 

1887. 

Iron  bridges,  etc. — Con- 
tinued : 
Other  countries 

cwt. 

cwt. 

cwt. 
5,169 

cwt. 
49 

cwt. 

cwt. 
7,872 

Totals.... 1 

84,166 

49,664 

37,521 

100,273 
58,630 

250,296 
2,015 

10,871 
19,900 

311,492 
264 
573 

2,043 
8,334 

272,418 

54,651 
692 

Iron  in  slabs,  blooms, 
loops  or  billets : 

Great  Britain  

Unired  States 

111,652 
14 

203,882 
6 

256,510 
2,129 

611,073 
11,227 

Other  countries 

898 

558 

Totals 

111,666 
5,610 

203,888 
4,662 

258,639 
3,798 

252,310 
5,520 

312,329 
3,144 

273,316 
4,562 

622,868 

Locomotive  tires  of  steel: 
Great  Britain -v 

4,790 
2,081 

United  SUtes { 

637 

383 

1,099 

787 

199 

877 

959 
192 

Other  countries . .'. .  { 

1,097 

3,898 

2,741 

2,944 

2,278 

"   "4,i67 

7,977 
2.329 

«,w«<v 

TotaU 1 

7,344 

8,943 

7,638 

9,251 

6,621 

9,546 

18,726 
4,602 

Nails,  spikes,  etc.: 
Great  Britain 

16,665 

21,424 

30,108 

20,909 
7,778 
2,961 

6,367 
3,571 
4,796 

17,500 

4,416 

3,571 

446 

1,404 

23,987 

United  SUtes 

2,799 
492 

4,372 

1,286 

615 

2,544 

3,846 
398 

Other  countries 

1,186 

842 

775 

8,819 

Totals 1 

19,956 

26,411 
1,286 

974,240 
294,380 

33,838 

24,712 

7,778 

815,100 

228,360 

220 

10,938 
3,571 

695,460 

170,160 

2,340 

22,475 
4,862 

708,460 

201,120 

3,380 

81,652 
898 

Pig  iron  : 

Great  Britain 

United  States 

Other  countries 

658.880 

213,160 

560 

1,307,220 
242,640 

808,660 

200,440 

180 

Totals 

872,600 

3,597 

73,797 

2,136 

1,096 

1,268,620 

4,074 
97,669 
11.579 

2,359 

1,549,860 

5,334 

67.001 

8,831 

2,750 

1,043,680 

8,093 

153,653 

44,923 

867,960 

24.466 

31.743 

943 

2,934 

912,960 

38,612 

23,280 

1,272 

49,322 

1,004.280 

Railway  iron  (rails,  fish 
plates,  etc.): 

Great  Britain ( 

158,764 

United  States ( 

6,879 
695 

Totals..... 1 

Rolled  beams,  channels 
and  angle  or  T  iron: 

Great  Britain | 

5,733 
74.893 

20,824 

15,653 
100,028 

38,004 

14,165 
69,751 

49,766 

269 

9,705 

53,016 
153,653 

59,521 

528 

7,847 

179 

15,147 

25,409 
34,677 

37,349 

431 

8,204 

223 

8,728 

39,784 
72,602 

60,001 
858 

9,691 
105 

9,879 

164,148 
696 

r04,867 
15,481 

United  SUte<* | 

6,106 

2,ii6* 

8,590 

1,827 

10,914 

Other  countries 

• 

684 

1.807 

1,133 

Totals 1 

27,614 

41,921 

60,604 
269 

2,840 
220 
5,700 
7,307 
5,640 
341 

82,515 
707 

54,281 
654 

79,571 
963 

123,861 
17,308 

1,140 

320,202 

40 

Scrap: 

Great  Britain | 

1,400 

4,920 

56,154 

61,658 

172,797 

United  States | 

1,990 

10,805 

3,114 

5,160 

23,715 

13,055 
400 

V 

Other  countries j 

8,200 

10,820 

3,458 

4,223 

6,508 

18,998 

V 

Totals    f 

11,680 

26,545 

14,180 
7,868 

1,580 
352,250 

F 

62,726 

71,641 

203,020" 

*  Railroad  spikes. 


Artitles 

!l 

1881. 

1882. 

18(0. 

1884. 

1886. 

1S86. 

1887. 

Sewing  Duchinea : 

Great  Britain 

United  Stotei. 

n 

No. 
4,776 
9.02B 

Nfi. 
8,684 
16,488 

No. 
9.619 

"■15 

No. 
2,768 
9,493 

8 

No. 

95 
7,768 

No. 
64 

No. 

116 

8,67a 

11 

13,800 

owt. 
87,670 

20,076 

cwt, 

116,466 

21,519 

cwt. 
164,931 

12,259 

cwt. 
163,689 
2,183 

7,258 

2,259 

42 

7,871 

cwt. 

145,634 

86,979 

7,359 

2803 

526 

1 

6,801 

170,396 

66,646 

10,306 

3,043 

166 

8,79ft 

cwt 
217,031 

Sheet  iron  ud  >te«] : 
OrotBritaiD 

United  auto 

4,427 

3,578 

7,769 

14.991 
7.060 

121 

TdUU { 

101,997 

119,965 

172,890 

160,989 
4,442 

1,766,996 
306,838 

153,509 
39,783 

1,626.542 
300,975 

160,866 

68,689 

1,128,921 
30,062 

233,106 
32,497 

2;261,26S 
82,980 

steel  r&iU : 

Gre«t  Britain 

Unitad  Statu, 

1,787.068 

61 

5.879 

1,927,130 
362.889 

1,698,637 

687:882 
2,405 

Totttle 

StoTea: 

Great  BrituD 

Unit««i  States 

1,792,998 

No. 

16 
1.068 

2,279,959 

No. 

99 

1,830 

6 

2.338,924 

No. 
46 

2,063,833 

No. 

60 
3.769 

1,927.517 

No. 

48 
3,678 

1,158,983 
No. 

AS 
1,923 

2,344,343 

No. 
48 
1,618 

1,064 

1,934 

4,663 

10,401 
6,150 

3,829 

§8,981 
7,273 
8.693 

3,687 

m^i 

9,820 
17,421 

1,976 

11,140 
1.137 

Screws: 

United  Sute. 

Other  DonntriM 

216,637 

feet. 
4,622,399 
1,158,460 
303,093 

274,847 

feet. 

3,269,048 
937,692 
636.399 

449,482 

feet. 
8,376,390 
764,464 

88,583 

201,043 

feet. 

3,649.200 

926:i89 

850,343 

Tubing: 

Great  Britain  

Totak 

6,083,912 

No. 
29 
305 
4 

4,733.139 

No. 
21 
330 
6 

4,329,437 

No. 

2 

5,326.732 

No. 
12 

m 

6 

"I^iss:. 

United  Statea. 

Otber  countries 

No. 
21 
169 
3 

No. 
16 
263 

e 

No. 
3 

192 

cwt. 
165.160 

272 

ewt. 
85,198 
83.944 
9.199 
18,811 
290 

338 

cwt. 

366 

27]8 
cwt 

Tin  ptate : 
Great  Britain { 

cwt. 

cwt 

166,278 

145,629 

177,136 

173;787 

209,973 

United  State. { 

10,634 

14,662 

8,4i6 

R.148 

siibsii 

KlM 

Other  countries | 

18 

28 

TotaU { 

176,712 

94,687 

170,940 

154.044 

185.312 

2frl,3Ta 

226.126 
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IHP0BT8  or  IBON  AND  STlBb  H ANU P AOTUBIS, 

Tablk  iy. — Showing  by  values  the  articles  of  manufactures  of  iron  and  steel  imported  into  the  Dominion 
of  Canada  from  Great  Britain,  United  States  and  all  other  countries,  classified  as  dutiable  and  free,  for 
the  seven  fiscal  years  1881-7. 


Articles. 


Agricultural  imple- 
ments : 

Great  Britain 

United  States 

Other  countries 


Totals. 


Anchors : 

Great  Britain 

United  States 

Other  countries 


Totals. 


Anvils : 
Great  Britain.., 
United  States  . . 
Other  countries , 


Totals. 


Band  and  hoop  iron : 
Great  Britain | 

United  States  . . . 
Other  countries. . 


{ 


Totals 


Bars  and  ingots : 
Great  Britain  . 


United  States | 

Other  countries -I 

Totals I 

Bedsteads : 

Great  Britain 

United  States 

Other  countries. 


•  •       •  • 


Totals. 


Boiler  plate : 
Great  Britain . . . 
United  States  . , 
Other  countries, 


Totals, 


Bolts,  nuts  and  rivets  : 
Great  Britain ■! 


D 
<c 

«i 


ii 


F 
ti 

it 


t( 


D 
(t 

«t 


<( 


D 
P 
D 
P 
D 

D 
P 


D 
P 
D 
P 
D 
P 

D 
P 


D 
*( 


(I 


I) 
t( 


it 


D 
P 


1881, 


19,532 

167,690 

8 


177,230 


21,721 
2,169 


23,893 


6,856 
528 


1882. 


1883. 


21,074 

279,999 

7 


801,080 


19,842 

3,074 

230 


7,384 


86,570 


10,732 


23,146 


7,066 
1,146 


8,212 


113,706 


16,047 


21,298 

661,698 

69 


683,066 


30,389 

7,266 

16 


37,669 


16,164 
669 


16,723 


113,882 


6,140 


96,302 


841,707 

667,112 

47,480 

214,799 

37,174 

11,418 


926,361 
•793,329 


4,778 
2,348 


179 


129,931 


1,243,722 

668,406 

40,653 

199,981 

44,235 

27,470 


120,022 


1,328,610 
*895,857 


8,877 
2,723 


7,126 


128,846 

47,549 

1,864 


178,259 


39,904 


11,600 


182,496 
36,357 
11,280 


230,133 


32,544 
5,113 


1,308,686 

992,887 

61,405 

238,914 

44,270 

20,104 


1,414,361 
•1,261,905 


11,116 

6,139 

63 


16,318 


203,953 
35,328 
12,973 


252,254 


32,622 
3,110 


1884. 


27,333 

190,990 

411 


218,734 


21,667 

4,090 

36 


26,793 


12,118 
703 
266 


1886. 


14,909 

168,419 

313 


173,641 


18,280 

2,787 
78 


21,146 


4,923 

1,664 

12 


1886. 


17,344 

139,776 

188 


167,307 


9,872 
1,198 


13,087 


120,214 

16 

9,991 

773 

518 


6,489 


96,944 


130,723 

788 


1,282,995 


150,496 
'  '28,414 


1,461,906 


9,258 
1,970 


8,016 

700 

1,529 


106,488 
700 


948,366 


11,070 


6,651 
241 


6,792 


91,646 


11,318 
736 


122,963 
*8i5i644 


1,107,363 


13,190 

3,905 

5 


11,228 


186,615 

31,771 

2,717 


221,103 


24,135 
4,702 


17,100 


120.708 

26,592 

4,454 

161,754 


16,969 
2,602 


102,864 
736 


892,928 


101,760 
'  37,645 


1,031,733 


14,162 
2,434 


16,596 


163,343 

20,607 

4,702 


188,652 


16,670 
3,238 


1887. 


13,394 

116,971 

181 


130,646 


6,988 

2,690 

34 


8,612 


4,949 
434 


6,888 


122,797 


10,816 
1,428 


133,613 
1,428 


1,164,982 


99,521 
*31,66i 


1,296,164 


19,246 

621 

19 


19,886 


163,086 

20,706 

1,466 


175,245 


12,933 


•Including  sheet  and  coil  steel. 
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IMPORTS  or  IRON  AND  STEEL  M  AN  U  F  AOTU  B  E8. 

Table  iv. — Showing  by  values  the  articles  of  manufactures  of  iron  and  steel  imported,  etc. — Continued. 


Articles. 


Its,  etc. — Con. 

United  States I 

Other  countries 

Totals ( 

Canada  plates : 

Great  Britain 

United  SUtes 

Totals 

Castings  and  forgings : 

Great  Britain 

United  States 

Other  countries 

Totals 

Chains: 

Great  Britain 

United  States 

Other  countries  .   ... 

Totals 

Cutlery : 

Great  Britain 

United  States 

Other  countries 

Tjtals  

Sdge  tools : 

Great  Britain 

United  States 

Other  countries 

Totals 

Engines*  and  boilers : 

Great  Britain 

United  States 

Other  countries 

ToUls 

Files  and  rasps : 

Great  Britain 

United  States 

Other  countries 

Totals 

Firearms : 

Great  Britain 

United  States 

Other  countries 

Totals   


a>    • 
^  V 


D 
F 
D 

(( 
P 


D 


ic 


D 
i« 

it 


(« 


D 
(< 


(( 


D 
(i 

i( 


(i 


D 
<< 

i( 


I) 
t( 

i( 


(( 


1) 
<( 

(< 


<( 


t( 


(< 


1881. 


$ 

48,652 


87 


88,598 


170,772 


170,772 


74,128 

257,359 

4,990 


336,483 


138,372 
5,296 
1,340 


146,008 


291,849 
48,457 
16,679 


356,985 


80,543 

172,897 

5,236 


258,676 


2,695 

197,320 

50 


200,065 


57,080 

6,542 

126 


63,748 


37,044 

40,228 

2,078 


79,360 


1882. 


$ 

45,405 


77,949 
6,113 


140,480 
728 


141,208 


158,072 

325,266 

2,678 


486,016 


138,155 

11,184 

3,240 


152,579 


424,094 
77,342 
28,519 


529,955 


110,810 

276,998 

8,672 


396,480 


157,811 
864,979 


1,022.790 


64,994 

16,319 

315 


81,628 


45,675 
81,111 
15,366 


1883. 


$ 

66,452 
6,364 


99,074 
8,474 


160,777 
316 


161,093 


198,907 

432,777 

6,437 


637,121 


199,678 

10,013 

3,060 


212,736 


352,850 
86,363 
26,927 


466,140 


108,260 

345,583 

10,746 


464,579 


51,149 
994,028 


1884. 


36,536 

3,481 

11 


60,681 
8,183 


172,774 
2,663 


175,427 


239,669 

406,293 

22,406 


668,268 


130,389 
8,601 
2,388 


141,378 


269,604 
53,290 
21,235 


344,129 


68,406 

247,005 

8,531 

318,941 


21,872 
535,900 


1,045,177   557,272 


77,297 

29,002 

42 


142,152 


106,341 


72,710 
98,407 
17,209 


188,326 


59,098 

31.002 

602 


90,702 


47,366 
64,686 
13,438 


125,490 


1886. 


46,638 
1,030 


63,607 
3,632 


218,164 
492 


218,666 


133,606 

802,243 

12,641 


448,390 


112,366 
6,826 
1,604 


119,795 


209,164 
60,453 
22.389 


282,006 


41,441 

204,487 

7.183 


263,111 


4,706 
120,352 


125,058 


48,702 

22,616 

733 


72,050 


47,044 

68,316 

9,964 


125,324 


1886. 


$ 

45,124 

1,166 

96 


61,790 
4,408 


186,234 
878 


187.112 


92,418 

263,410 

80,684 


886,507 


92,918 
6,326 
2,679 


101,917 


244,189 
44,834 
30,514 


819,637 


43,114 

216,804 

6,707 


266,625 


418 
208,886 


209,298 


41,094 

30,233 

353 


71,680 


50,301 
56,262 
14,818 


121,381 


1887. 


24,357 

478 


37,290 

47a 


180.906 
619 


180,924 


215,280 

282,423 

46,367 


544,060 


79,g91 
8,164 
2,980 


90,986 


290,478 
46,497 
40,133 


377,108 


54,935 

262,765 

8,436 


326.136 


14,116 

122,710 

659 


137,385 


38,482 

36,912 

495 


74,889 


48,292 
65.286 
17,323 


120,901 


*Including  locomotives. 
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IMPOBTS  OF  IRON  AND  ST£BL  M AN U V AC T U RES  • 

Tabui  iy. — Showing  by  values  the  articles  of  manufactures  of  iron  and  steel  imported,  etc—Continufd, 


Articles. 


Hardware  : 
Great  Britain... 
United  SUtes  . . 
Other  countries. 


Totals. 


Hollow- ware : 
Great  Britain... 
United  SUtes  . . 
Other  countries, 

ToUls 


Horse  shoes  and  shoe 
nails: 

Great  Britain 

United  SUtes 


Totals. 


Iron,  bridges : 
Great  Britain , 


United  States  . 
Other  countries 


Totals 


{ 


Iron  in  slabs,  blooms, 
loops  or  billets : 

Great  Britain 

United  States 

Other  countries  


n 

<c 


»« 


D 

ti 


(< 


(t 


I) 

F 
D 
F 
D 


Totals. 


Great  Britain . . . 
United  SUtes  . . 
Other  countries 


D 


<t 


D 


«     I 


Totals 

X«ocomotive  tires  of  steel:! 
Great  Britain {'  ^ 

United  States  . . . 


Other  countries. 


I  Y 
(  D 
'I       F 


Totab {    j; 


iliachinery: 

Great  BriUin .  , 

United  States  . 
Other  ooontries. 

Totals 


/ 
I 

/ 


r 

F 

I) 

F 
D 


I      F 


1881. 


$ 

106,978 

408,447 

7,080 


622,505 


21,262 

46,854 

52 


68,168 


367 
2,558 


I 


1882. 


$ 

117,071 

527,786 

5,257 


650,114 


27,718 

69,726 

364 


97,806 


418 
4,330 


1883. 


$ 

110,777 

590,067 

3,360 


704,194 


30,267 

73,683 

1.150 


1884. 


89,113 

437,371 

4,493 


630,977 


25,448 

76,996 

234 


2,925 


50,980 


369,430 


420,410 


4.748 


46,007 


105,100 


614 
6,169 


166,520 
1 11.616 


512,627 
U,615 


6,783 


27,810 


102,678 


965 
6,730 


1885. 


&5,285 

445,098 

3,948 


504,331 


20,703 

78,111 

624 


1886. 


$ 

79,297 

621,204 

0,0b0 


134.646 


162,355 


111,350 
24 


111,374 


16.238 

33,973 

19 


222.010'       264.801 
46'.  5,017 


6,685 


101,066 


94,438 


1.075 
2,640 


709,687 


23.880 

85,899 

519 


810.057 

822,579 

20,161 


3,715 


11,676 


37,178 

77,154 

66 


50,230 

21,205 
"  4.689 


I 


3.7'V9 


222.066 


19.839 

62.601 

36 

82.376 


23.896 

*2;582 
18^02 


269.818 


15.868 
67,033 

38 


431.284 
322,579 


259.685 
4,360 


109,807 


275 
3,888, 


4.168 


11M.728 
8,916 
9,886 


48,820  8,916 

77,154        204,614 


264,045 


10.876 

70,880 

17 


286,776 
246 
712 


72,939         81,773 


287.734 


11.457 
64.390 


18,273 

6^829 . 

11.898 


21,927 

4.492 

13.171 


75,847 

11.095 
"926 
'  9.734 


247,740 
""721 


248,461 


15,506 

67,022 

6 


29.0:'i3 


82,534 

20.713 

2121 7: 

17.208 


45.180 


2M.5«1;       799..'M8 
306,443 


37,000         39,.yj0         21,756 


40,138 


1887. 


a'il.HW)        2VJ.9I2        136,«<6! 
Mh.'Csy  VKlVA 


% 

110,699 

728,«0 

12,679 


846,688 


34,891 

112,789 

1,680 


148,860 


8,647 


8,647 


80,641 


48,201 

2.082 

16,320 


140,002 
2,082 


412,408 

8,916 

274 


421,608 


13,421 

09,845 

144 


88,410 


16.357 

8.069 

4,104 

923 

21,332 

10,948 


41,793 
19,9fO 


.767,:C*1      1,38H,076     1,899,920     l.W^.TTO        7W.114 

64,Wr> \s»v*        i,:j-8 

I  5W«  7,381  \W^  4,921'  4.1W 


120.471;       222,636 
874,393     l^wb^WO 

«  «■■  <##■«  mam* 

1,720         36,028 


i    1,022,51S     2,194,806     2.757,570     \,VsrAS*.fJi       921.274     l.OW^WMI    1,32»,633 
I       361,ltf> 180,176         22.Me 


Tablb  IV.— Showing  byvkluestheuiiclea  of  manufactuTea  of  iron  and  rteel  itnported,  etc— Cbxlfdvirf. 


Article*. 

II 

18B1. 

1882. 

1883. 

1884. 

1886. 

1886. 

1887. 

Nail^  ipikM,  etc  : 
GreatBritain { 

" 

$ 
48.721 

49,196 

* 
74,869 

49,266 

24.866 
18,094 

• 

21,283 
9.632 
21,796 

• 
48,191 

1.600 
4,109 

• 
46.610. 

United  States { 

17,773 

22.330 

3,849 
s;093 

16,288 

17,631. 

Other  countries 

2.203 

4.179 

4,530 

im 

lolsof 

Tot»U { 

6B,697 

74,019 

3,849 

89,686 

19.137 

179 

96.336 

71.889 
24,866 

33.390 

19,856 

210 

46,616 
9.632 

28,917 

68.697 
17,438 

28,233 

16,600 

273 

74,961 

Needlea: 

Great  Britain 

United  3t»te> 

Other  eountrieo 

37,769 

16,910 

2S0 

S8,24b 

22,081 

32.13^^ 
18,90* 
1,326- 

64.929 

457,103 

268,677 

317 

'    69.001 

633,206 

389,806 

61,007 

842,234 
302,615 

63,466 

490,551 

219.675 
184 

46,102 

394,904 

176,292 

i;563 

4^006 

387.062 
199  460 

2;067 

™reat  Britain 

United  State* 

42%7ME^ 

716,997 

7,836 

139.236 

7,344 

7:278 

1.023,012 

6,209 

166^146 
15,326 

71778 

1.144,749 

8.860 
116,181 

13,949 
7,844 

720,310 

11.571 

214,770 
40,609 

672.759 

40,896 
52,844 
S329 
6.060 

688,669 

61,190 
19,306 
5,991 
38,894 

Railway  iron  (rail.,  fi»h 
platen  etc.): 
Great  Britain \ 

166.6S*- 

United  SUt«i { 

fiJS 

Total» { 

RoUed  beams.  channelB, 

and  angle  or  Tirol. 

Great  Britain { 

16.180 
146.514 

38,686 

21,636 
162,924 

72,344 

22.809 

124.026 

90.700 

697 

30,409 

62,080 
214,770 

97,983 
1,472 
27.357 
864 
21.306 

44,224 
58,704 

61,441 

2,996 
24,119 
1,364 

11.367 

67,181 
68,200 

81,426 
1120 
21,487 
229 
11,794 

i4i,esr 

United  State. { 

20.235 

8,679 

32.373 

1,612 

2.929 

1.746 

14,640 

Total. { 

Safe^  and  door,  for 
Hnfpsand  vttiilta: 

Great  Britaiw 

UnitftdStatti 

Other  countneB 

60.633 

83,862 

122.855 
697 

121 
33.226 

146,645 
2,326 

25 
15,708 

1:i5 

53 

20,036 

60 

114,706 
1,849 

178,699 

63 

9,782 

149 
20,964 

170 

Total. 

Scale.: 

Great  Britain 

United  Staten 

Other  countrie. 

9.835 

3,739 

42,438 

181 

31.113 

1.746 

47.617 

231 

33.347 

2,717 

60,208 

467 

15.733 

2.392 
42.631 

279 

20.129 

1.718 

26,791 

383 

9,046 

1,514 

25.347 

689 

6,677 

1,866 

24,381 

410 

Total.  

46.328 

49,694 

63.382 

.46,302 

28.892 

r,860 

26,666. 
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IMPORTS    OF    IRON    AND    8.TBBL    M  AN  U  F  AOTUBES. 

Table  iv. — Showing  by  values  the  articles  of  manufaotures  of  iron  and  steel  imported,  etc. — Continued, 


Articles. 


Scrap: 
Great  Britain I 

United  States | 

Other  countries. . . .  < 

Totals I 

Screws : 

Great  Britain 

United  States 

Other  countries 

Totals 

Sewing  machines : 

Great  Britain 

United  States 

Other  countries 

Totals^ 

Sheet  iron  and  steel : 
Great  Britain •[ 

United  States { 

Other  countries ..,,1 

Totals ( 

Skates: 

Great  Britain 

United  States 

Other  countries    . . . 

Totals 

Steel  rails : 

Great  Britain 

United  States 

Other  countries 

Totals 

Stoves : 

Great  Britain 

United  States 

Other  countries 

Totals 

Surgical  instruments : 

Great  Britain 

United  States 

Other  countries 

Totals 


D 

r 

D 
F 
D 
F 

D 
F 


D 

(t 

it 


u 


D 
It 


(( 


D 
F 
D 
¥ 
D 
F 

D 
F 


D 
»< 

<i 


il 


F 

n 

ti 


il 


D 
t( 


(( 


D 
<( 

it 


(( 


1881. 


1,148 


1,818 


8,807 


23,295 
4,101 
4,743 


32,139 


44,408 
148,929 


193,337 


267,544 


21,721 


289,265 


292 

11,368 

631 


12,281 


2,966,958 

230 

9,900 


2,977,088 


322 
16,465 


16,787 


6,270 
6,816 
1,360 


1882. 


1883. 


$ 

5,012 


10,996 


4,398 


20,406 


34,079 
3,888 
1,086 


39,053 


39,105 

267,901 

171 


307,177 


323,655 


18,981 


1,802 
180 
3,412 
4,300 
2,562 
285 


7,776 
4,765 


27,435 

3,981 

559 


31,975 


95,543 

227,040 

614 


323,197 


425,824 


210 


342,846 


338 
3,261 
1,138 


4,737 


2,923,063 
608,267 


3,531,330 


1,139 

23,678 

97 


14.446 


24,914 


7,094 

9,739 

322 


32,248 


458,07!2 


1,321 
1,467 
1,779 


4,567 


2,717,034 

1,294,163 

5,082 


4,016,279 


688 

48,339 

16 


1884. 


38,518 

'3i96i 

1)864 


44,223 


31,082 
2,a57 
1,223 


35,162 


31,534 

194,479 

219 


226,232 


447,816 

22,289 

32,642 

22,892 

88 


480,546 
45,181 


691 

4,704 

909 


6,304 


2,376,391 
418,544 


2,794,935 


1,036 
46,392 


17,155 


49,043 


11,923 
10,3451 
2,990 


47,428 


6,875 

5,558 

909 


1885. 


41,115 

*  8^867 

*  1,293 


46,275 


28,509 
3,085 
1,686 


33,280 


2,402 

166,595 

149 


169,146 


375,409 

89,947 

32,428 

22,704 

2,236 

2 


410,073 
112,663 


142 

35,584 

678 


36,404 


2,031,137 
412,380 


2,443,517 


423 

28,853 
73 


25,2581    13,342 


29,349 


3,526 

2,410 

728 


1886. 


137,181 
'  17,507 


3,412 

i58,i6o 


18,813 

8,289 

675 


22,677 


1,644 

145,393 

217 


147,254 


397,907 

48,912 

42,739 

26,132 

383 


441,029 
75,044 


278 

14,824 

697 


16,799 


1,491,926 
93,830 


1,686.766 


469 
22,522 


1887. 


901 

199,228 

]5 

11,186 

170 

9,764 


1,086 
220,167 


31,192 
2,890 


34,082 


3,064 

156,672 

310 


168,946 


475,046 

83,667 

62,471 

38,922 

4,626 

8,697 


632,142 
131,076 


376 

3.645 

21,983 


26,004 


1,999,081 
123,646 


6,664 


22,991 


5,761 

3,569 

788 


10,108 


2,122,726 


680 

19,724 

3 


20,307 


6,287 

8,316 

603 


10,205 
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IMPORTS     OP     IRON     AND     STREL     M A N U P A CT U R B 8 . 

Table  iv. — Showing  by  values  the  articles  of  manufacturer  of  iron  and  steel  imported,  etc — Concluded, 


Articles. 


Tubing: 
Great  Britain... 
United  SUtes  . 
Other  oountries, 


Totals 

Wire  and  wirework : 
Qreat  Britain < 

United  SUtes j 

Other  countries ....-[ 

Totals -[ 

Other  articles : 
GreatBriUin...,..| 

United  SUtes { 

Other  countries -! 


ToUls 


{ 


•Printing  I)res8e8 : 
Great  Britain... 
United  States  . . 
Other  coxmtries . 


Totals 

*na  plate : 

Great  Britain ...  .   j 

United  SUtes | 

Other  oountries -j 

Totals { 


ToUl  imports : 

rt      i.  ( Dutiable. 

Great  J  Free... 

Bntam.  (toUI... 

TT  •«.  J  ("Dutiable. 

Umted  jRree.... 

SUtes.  (Total... 

^n^,  ( Dutiable. 

^^  ^Free.... 

countries,  [rj^^^i 


(  Dutiable. 

Totals...   ^Free 

iToUl  ... 


9 


D 

u 

It 


i( 


D 
P 
D 
P 
D 
P 

D 

P 

D 
P 
D 
P 
D 
P 

D 
P 


D 

4< 
(t 


(< 


D 
P 
D 
P 
D 
P 

D 
P 


1881. 


179,681 

110,597 

4,796 


295,074 

253,230 
47,199 

130,681 

1,193 

76,677 


460,588 
48,392 

• 

83,465 

7,281 

118,652 

'  10,679 


212,796 
7,281 

9,387 

34,859 

627 


44,873 

718,551 
'  53,089 
66 


771,706 


4,016,189 
4.055.953 
8,072,142 

3,620,041 

280.334 

3,900,375 

190.314 

21,318 

211,632 


7,826.544 

4,357,605 

12,184.149 


1882. 


$ 

307,133 
124,57 
7,334 


439,041 

318,304 

38,429 

135,071 

2,672 

116,445 


569,820 
41,001 

106,025 
8,934 

142,179 

958 

6,106 


254,310 
9,892 

5,312 

79,359 

4,710 


89,381 

355,059 

355,6.56 

43,639 

93,045 

1,154 


1883. 


$ 

815,384 

164,180 

29,623 


509,187 

389,176 

81,573 

149,714 

8,183 

59,554 

1,429 


1884. 


$ 

200,355 

124,148 

37,695 


598,444 
91,185 

•  121,748 

5,868 

144,358 

95 

9,437 


275,543 
5,963 

9^203 

125,229 

783 


135,215 


399,852 
448,701 


6,050,801 
3,818.933 
9.869,234 

5,561,851 

837,994 

6,399.H45 

289.970 

27,700 

317,670 


723,024 


84,172 


362,198 

242,078 
79,206 

113,022 
43,004 
52,656 
10,274 


407,756 
132,484 

67,629 

23,597 

151.578 

2,459 

39,633 


258,840 
26,066 

8,980 

111,282 

4,187 


1885. 


$ 

178,937 

88,297 

7.550 


1886. 


274,784 

179,042 
70,539 
87,740 
52,903 
65,653 
8,032 


332,435 
131,474 

74,617 

11,317 

129,126 

301 

67,862 


124,449 


608,264 


37,254 


271,605 
11.618 

8,762 

119,764 

5,800 


134,326 


706,924 


26,788 


807,196   645,518 


11.902,122 

4.684,627 

16,686,749 


6,698,185 

3,947,819 

10,646,004 

6.759,223 
1,566,118 
8.325,341 

257,228 

26.915 

284.143 


6,149,630 
2.983,024 
8,132,664 

4,850.658 

827,222 

5,677,880 

3a%774 

12,114 

315,888 


13,714,6.% 

6,540,852 

19,265,488 


10,303,962 

3.822,360 

14,126,322 


100 


732,812 


3,957,372 
2,350,942 
6,308,314 

3,409,947 

583,048 

3,992,995 

278.716 

9.406 

288,120 


I 


7,646.aW 

2.943.395 

10,589,429 


$ 

166,698 
94,395 
40,864 


300,967 

274,914 
66,383 

134,343 
67,880 
99,161 
11,366 


508,418 
144,619 

59,616 

2,582 

107,439 

1,973 

14,676 


181,731 
4,655 

6,776 

79,878 

3,732 


89,386 


619,971 


124,849 


744,820 


3,992,711 
1,990.186 
5,982,897 

8,674,450 

260,929 

8,935,379 

333,239 

14.768 

348,007 


1887. 


$ 

317,078 
78,334 
6l,2S»^ 


456,701 

261,336 
66,134 

160,616 
60,136 
76,689 
63,270 


487,640 
178,539- 

101,926 

8,227 

99,417 

1,239 

6,448 

488 


207,790 
9,954 

12,739 

71,711 

6,724 


91,174 


706,975 
'60,861 


767,836 


8,000,400 

2,265.^88 

10,266,283 


5,303,201 
2,384,281 
7,687,482- 

4,006,915- 

247,614 

4,264,529' 

436,661 

93,091 

629,64^ 


9.746,66r 

2,724,98a 

12,471,66a 


'Not  included  in  total  imports. 


SECTION    IV. 

xMINING    LAWS    AND    REGULATIONS. 

The  mining  industry  of  Ontario  may  be  said  to  date  its  origin  from  the 
1822,  when  the  late  Joseph  VanNorman  started  a  blast  furnace  in  the  m"S'°nduBtry 
county  of  Norfolk  for  the  smelting  of  bog  iron  ore.  Another  furnace  was  *"  ^n*»»^o- 
ox'ected  a  little  later  by  Mr.  Hayes  at  Marmora,  in  the  county  of  Hastings, 
^ho  obtained  from  the  government  for  mining  and  charcoal-making  purposes 
>k  tract  of  14,000  acres  in  the  townships  of  Marmora  and  Belmont.  But 
neither  of  those  ventures  seems  to  have  awakened  interest  in  mining  a6rair8 
Ui  the  province.  The  poor  fortune  of  the  second  one  may  be  said  to 
h»ve  deterred  enterprise  in  this  field ;  and  for  the  next  twenty  years  the  official 
>*ecord8  do  not  give  evidence  of  any  activity  in  the  sale  of  mineral  lands,  or 
ui  search  for  the  discovery  of  minersJs  or  ores  of  any  kind. 

To  the  possible  existence  of  a  mineral  region  of  some  value  on  the  north 
shore  of  lake  Superior  some  allusion  was  made  by  Mr.  Logan  in  his  report  ^^^^  oPthe 
on    the  progress  of   the  Geological  Survey  of   the  province  in  1843.     Mr.  JJf^ion/***® 
liO^an  himself  did  not  visit  the  lake  Superior  country  until  1846,  but  was 
^^U^enoed  ''  by  the  unprejudiced  account  regarding  the  mineral  riches  of  the 
^^'AtJiem  shore  furnished  to   the   legislature   of   Michigan  by  the  late  Mr. 
Don^las  Houghton  in  1841,  in  his  report  on  the  geological  structure  of  the 
"Pt^r  peninsula  of  the  state."*     Mr.  Houghton  had  been  officially  employed 
for  eight  years  investigating  the  mineral  resources  of  Michigan,  and  it  was  in 
the    prosecution  of  his  duties  that  he  lost  his  life  in  1845.      "It  is  under- 
stood," Mr. '  Logan  wrote,  **  that  he  had  visited  the  British  shores  of  lake 
S^I^crior,  and  considered  their  mineral  character  much  the  same  as  that  of 
^^  own  side  of  the  water,  though  I  believe  he  has  made  no  published  state. 
n^e«it  to  that  eflfect." 

Attention  having  been  called  to  the  possible  mineral  resources  of  our 
^Pl^r  lake  region  in  this  way,  applications  began  to  be  made  to  the  govern-  Licenses  to  ex- 
°^^xxt  for  license  to  explore  the  lands  on  the  north  and  east  shores  of  lake  ^^""'^  ^^^  '"*'""• 
^'^I^erior  and  on  the  north  shore  of  lake  Huron,    the  pioneer  in  this  enter- 
P'^^^i^  being  Hon.  John  Prince,  who  applied  for  the  Spar  island  tract  on  1st 
•^^1^,  1845.     Thirty-one  applications  were  made  in  that  year,  thirty  of  which 
'^^^^c  for  locations  on  lake  Superior.     In  1846    the  number  increased  to  one 
^^^Xdred  on  lake  Superior  and  thirty-three  on  lake  Huron  j  but  as  the  terms 
^^  l>088e88ion  were  not  settled  until  late  in  this  year,  when  the  management 
ot     xnineral  lands  was  transferred  from  the  provincial  secretary's  office  to  the 
A^l^artment  of  crown  lands,  a  large  number  of  the   claims  were  suffered  to 
V^pae  through  failure  to  comply  with  the  terms. 

*  Upper  Cftnad*  Semioiial  Papers,  1847,  Appendix  AAA.    See  also  Mr.  Logan  *8  Report 
o«  ProgreM  for  1843,  8.  P.  1844-5,  Appendix  W.  *^ 
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The  records  of  the  department  show  that  the  extent  of  public  land  in 
saiM  of  mineral  the  province  sold  for  mining  purposes  daring  the  past  forty-four  years  (from 
1845  to  the  close  of  1888)  was  709,335  acres,  for  which  the  treasury  has 
received  $810,955,  being  an  average  of  61^  cents  per  acre  in  the  period 
before  Confederation  and  $1.35^  per  acre  in  the  period  since.  The  first 
regulations  fixed  the  limit  of  a  location  at  five  miles  in  length  by  two  in 
breadth,  or  6,400  acres,  under  which  the  Montreal  company  acquired  107,156 
acres  at  42^  cents  per  acre,  and  the  Quebec  and  Lake  Superior  compaay 
19,200  acres  at  80  cents  per  acre. 

In  dealing  with  the  subject  of  our  mining  laws  it  is  proposed,  fiist* 
to  refer  to  the  opinions  of  witnesses  upon  their  operation  and  the  various 
suggestions  for  their  amendment ;  secondly,  to  make  a  comparative  study  of 
the  laws  of  Ontario  and  other  countries ;  and  thirdly,  in  light  of  the  critidsni 
and  comparison,  to  indicate  some  changes  which  seem  to  be  desirable  in  oar 
own  laws  for  the  greater  development  and  prosperity  of  the  mining  industiy. 

OPINIONS     OF      WITNESSES. 

I.  The  mining  laws  of  the  province  have  been  variously  criticised  by  a 
criticism.  large  number  of  persons  whose   testimony   has  been   taken   by   the   Oom- 

mission.  By  a  few  they  are  regarded  as  being  well  suited  to  the  necessities 
of  a  substantial  industry  ;  but  by  the  majority  they  are  thought  to  stand 
in  the  way  of  exploration  and  discovery,  to  favor  the  moneyed  man  at  the 
expense  of  the  prospector,  and  to  facilitate  the  locking  up  of  lai*ge  areas 
for  speculative  ends. 

Applications  to  purchase  land  under  the  mining  act  are  required  to  be 

Applications    to  ^^^ .  ,        ,  .    ,    ,  i  , 

purchase.  made  direct  to  the  department,  accompanied  by  the  purchase  money  and  the 

affidavits  of  at  least  two  credible  witnesses  showing  that  the  land  is 
unoccupied  and  unimproved  (except  by  or  for  the  applicant),  and  that  there 
is  no  adverse  claim  to  his  on  the  ground  of  occupation,  improvements  or 
otherwise.  It  is  claimed  that  the  interests  of  explorers  and  intending 
purchasers  would  be  better  served  were  the  applications  made  to  local 
agencies  and  ofiices,  as  in  the  case  of  other  public  lands.  At  such  offices 
prospectors  could  be  supplied  with  maps  of  the  territory  to  be  explored  and 
learn  what  lands  are  already  taken  up,  besides  being  able  to  file  claims 
promptly.  It  is  also  suggested  that  officers  with  larger  powers  might  be 
placed  at  two  or  three  of  the  principal  agencies  who  could  deal  on  the  spot 
with  questions  of  title  and  other  matters,  thus  saving  a  great  deal  of  trouble 
and  preventing  future  litigation.  They  might  be  vested  in  part  with  the 
authority  of  inspectors  of  mining  divisions,  without  setting  in  motion  the 
whole  machinery  of  the  mining  division  system. 

The  mining  act  provides  that  any   crown   lands  supposed  to  contaia 

and  mining  oca-  minerals  may  be  sold  as  mining  lands,  and  that  where  situate  in  unsurveyed 
territory  or  in  townships  surveyed  into  sections  they  shall  be  sold  in  Uocks 
called  mining  locations.  In  the  opinion  of  one  witness  lands  should  not  be 
taken  up  as  mineral  lands  till  the  applicant  has  made  an  affidavit  that  he  has 
found  mineral  upon  them  and  has  produced  specimens ;  a  second  says  that 
no  land  should  be  sold  as  mining  land  unless  a  vein  or  other  workable  deposit 
has  been  found  upon  it ;   and  a  third  thinks  it  would  be  a  wise  provision 
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to  prevent  the  taking  up  of  mineral  land  till  mineral  is  shown  to  exist  upon 
it.  £7  adopting  this  provision  it  is  thought  that  the-  mineral-bearing  districts  of 
the  country  would  be  more  thoroughly  explored,  and  that  less  extensive  areas 
would  pass  into  the  hands  of  speculators  who  buy  up  tracts  on  the  strength  of 
•discoveries  made  in  the  locality.  One  witness  states  that  the  whole  of 
Denison  township,  in  which  the  Vermilion  gold  and  copper  mines  are  situated, 
was  bought  up  by  parties  who  were  never  on  the  ground,  and  who  knew 
nothing  of  it  except  the  reported  discovery  on  the  Vermilion  location. 

Concerning  the  extent  of  locations^  and  the  number  which  one  individual 

.    ,         Extent   and 

•or  company  may  acquire,  there  is  some  diversity  of  opinion.     The  mining  number  of  min- 

./,.,.  •,  /  .,■*-•  ^  ing  locations. 

act  provides  that  in  the  territory  north  or  north-west  of  the  Mattawan  and 

French  rivers  and  Nipissing  lake,  including  the  territory  bordering  on  lakes 

Huron  and  Superior  and  the  river  St.  Mary,  a  mining  location  shall  consist 

of  80,  160  or  320  acres,  while  in  all  other  unsurveyed  lands  it  shall  be  as 

may  be  defined  by  order  in  council ;  but  the  act  does  not  limit  the  number  of 

locations  which  one  party  or  company  may  acquire  by  purchase  from  the 

i^rown.     The  opinions   of    the   various   witnesses   may   be   summarised   as 

follows :    (1)  The  prospector  should  be  allowed  to  take  up  a  small  quantity  of  a  vaHety  of 

land,  say  10  or  12  acres,  instead  of  being  compelled  to  purchase  80  or  160 

acres.    (2)  In  the  case  of  iron  more  land  should  be  allowed,  as  more  is  required 

for  works,  fuel,  etc.     If  the  law  compelled  owners  of  properties  to  work  them 

the  holding  of  leurge  tracts  would  be  less  objectionable.      (3)   The  size  of  a 

•copper  claim  should  be  about  80  acres,  but  for  gold  and  silver  it  should  be 

100  by  200  feet.      (4)  For  copper  and  iron  the  claims  should  be  from  160  to 

320  acres.     (5)  To  carry  on  mining  works  like  those  of  the  Canada  Copper 

company  it  is  a  necessity  to  have  large  quantities  of  land.     (6)  The  taking 

up  of  large  blocks  of  land  has  a  tendency  to  prevent  development  and  keep 

out  bona  fide  miners.     A  quarter  section  would  be  a  fair  limit,  but  for  wood 

supplies  it  ought  not  to  be  less  than  400  acres.    (7)  A  single  location  should 

be  forty  chains  on  the  course  of  the  vein,  and  one  man  should  not  be  allowed 

to  hold  more  than  one  claim.      (8)   The  claim  should  be  about  half  a  mile  on 

the  vein,  and  200  or  300  feet  wide.     (9)  To  work  a  copper  mine  takes  a  great 

amount  of  capital,  and  therefore  a  large  quantity  of  land  is  necessary  in  order 

to  be  able  to  do  anything ;   but  it  is  not  in  the  interest  of  the  country  that 

large  areas  of  land  should  be  tied  up  by  one  company.      (10)    The  location 

should  be  measured  on  the  length  of  the  vein,  say  about  1500  feet,  and  the  ^ 

discoverer  should  be  allowed  to  take  two  claims  adjoining  each  other.     (11) 

It  might  be  well  that  a  man  should  be  allowed  to  take  40  acres,  if  he  did  not 

wish  to  take  more,  but  80  acres  at  $2  an  acre  is  a  very  small  matter.     (12) 

A  length  of  200  feet  on  the  vein  is  sufficient  for  a  gold  mine,  and  a  claim 

should  not  be  more  than  300  feet  on  the  lode  ;   but  a  man  might  purchase  as 

much  as  he  liked  afterwards,  providing  a  certain  quantity  of  work  was  done 

on  each  claim.     (13)  The  location  should  be  about  80  acres,  laid  out  as  now, 

and  the  sale  of  large  blocks  should  not  be  allowed,  except  perhaps  in  the  case 

of  iron.     (14)  The  quantity  of  land  sold  to  one  party  should  be  limited,  or 

the  tax  should  be  increased  so  as  to  force  those  holding  on  speculation  to  sell 

or  develop  their  property.     (15)  The  selling  of  large  blocks  passes  the  land 

17  (m.c.) 
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into  the  hands  of  speculators,  but  the  limit  should  depend  on  the  quantity  of 
land  that  is  going  to  be  worked.  The  area  would  not  so  much  matter  if  the 
conditions  for  working  it  bore  some  relation  to  its  extent.  For  copper,  galena, 
iron  and  other  minerals  about  160  acres  is  sufficient ;  for  gold  and  silver  a 
less  area  is  required,  but  purchasers  should  hare  enough  for  the  necessary 
buildings,  timber,  roads,  etc.  (16)  The  limit  would  have  to  be  fixed  by 
circumstances,  but  it  is  not  right  that  one  person  should  be  allowed  to  buy 
up  a  whole  section  of  the  country.  If  a  man  finds  a  vein,  and  it  turns  out 
to  be  richer  farther  on,  he  should  have  the  the  right  to  pre-empt  another 
claim.  (17)  If  the  area  which  could  be  taken  by  one  party  was  limited  the 
country  would  be  more  thoroughly  prospected  than  it  now  is,  especially 
should  successful  development  ensue  in  the  district.  (18)  The  sale  of  large 
blocks  has  not  retarded  development  or  hindered  prospectors,  and  on  the 
whole  it  has  resulted  in  more  good  than  harm  ;  but  while  a  limit  ought  not 
to  be  put  on  the  extent  of  locations,  there  should  be  provisions  as  to  develop- 
ment. One  of  the  reasons  for  wishing  to  have  large  properties  is,  that  they 
improve  the  chances  of  getting  money  to  work  the  mines.  (19)  Capital  is 
very  hard  to  get  to  develop  mining  properties,  and  it  is  most  important  to  do 
all  possible  to  induce  investment.  Restriction  of  areas  and  compulsory  work 
would  lead  to  evasion.  The  gentlemen  whose  views  are  given  in  the  last  two 
statements  have  had  considerable  experience  in  procuring  capital  for  invest- 
ment in  mining  properties. 

The  act  requires  that  in  unsurveyed  territory  each  mining  location 
tions*^  °'  ^****^  shall  be  surveyed  by  a  provincial  land  surveyor,  and  be  connected  with  some 
known  point  in  previous  surveys  or  with  some  other  known  point  or  boun- 
dary at  the  cost  of  the  applicant,  and  that  each  person  applying  for  a  tract 
shall  furnish  the  department  with  the  surveyor's  plan,  field  notes  and 
description,  showing  a  survey  in  accordance  with  the  act  aod  to  the  8ati8&M>- 
tion  of  the  commissioner.  It  is  stated  by  witnesses  that  the  costs  of  a 
connecting  line  are  in  some  cases  heavy,  and  that  it  is  not  fair  to  make  a  pioneer 
prospector  pay  for  running  this  line  when  others  may  benefit  by  tying  on  to 
hiin.  Among  the  suggestions  are,  that  in  mining  districts  the  government 
should  lay  out  the  country  in  blocks,  as  in  the  North-west  territories,  or  run 
north  and  south  and  east  and  west  lines,  that  townships  should  be  surveyed 
as  they  are  prospected,  and  that  where  a  prospector  locates  six  miles  from  a 
surveyed  township  he  should  be  allowed  to  stake  his  claim.  It  is  thought  by 
others  that  all  surveys  of  locations  should  be  made  by  the  government,  as  it 
is  often  a  hardship  on  the  poor  man  to  get  his  location  laid  out.  Several 
witnesses  also  suggest  that  iron  pickets  should  be  put  down  in  making  surveys, 
as  wooden  ones  are  frequently  destroyed  by  fires,  thus  making  a  new  survey 
necessary  at  the  cost  of  the  private  owner. 

Prospectors  are  protected  in  their  rights  by  the  regulations  of  the 
department  governing  applications  to  purchase  ;  but  it  is  stated  that  in 
some  cases  claims  are  jumped,  and  that  in  others,  through  the  inability  of  a 
poor  man  to  make  cash  payment  for  the  whole  purchase,  his  discovery  goes  to 
some  more  fortunate  man.  The  prospectors  themselves  are  unanimous  in  the 
opinion  that  a  reasonable  time  ought  to  be  allowed  a  discoverer  to  pay  for 
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bis  location  before  it  is  disposed  of  to  any  other  applicant.  It  does  not 
appear,  however,  that  the  discoverer  is  often  wronged  through  failure  of  the 
r^ations  of  the  department  to  protect  him,  or  that  the  jumping  of  claims 
is  more  than  an  occasional  occurrence,  especially  where  it  can  be  shown  that  a 
claim  has  been  established  by  occupation  or  improvement.  Still  it  is  held  to 
be  necessary  that  the  prospector  should  be  carefully  protected  in  his  rights, 
for  ** capital  will  not  explore.*' 

The  right  to  stake  out  claims  is  only  permissible  under  the  act  where  a 
mining  division  has  been  established,  and  the  extent  of  a  claim  for  one  person 
is  limited  to  200  feet  along  the  vein  or  lode  by  100  feet  on  each  side  thereof,  oifcia'i^^''** 
Witnesses  are  generally  of  opinion  that  a  prospector  should  be  allowed  to 
stake  a  claim  on  crown  land  in  any  part  of  the  country  and  obtain  his  patent 
at  the  end  of  four  or  five  years,  on  condition  of  performing  a  specific  amount 
of  "Work  yearly,  measured  by  value  or  days'  labor,  the  latter  preferred  as 
being  less  favorable  to  the  practice  of  fraud.  Several  witneses,  however* 
would  make  the  plan  of  staking  claims  liberal  enough  to  allow  the  prospector  . 
to  take  40  acres  or  more,  on  or  off  the  vein.  One  witness,  Francis  Andrews 
of  Sudbury,  would  fix  the  limit  at  80  to  160  acres,  for  the  reason  that  he 
thinks  the  occurrence  of  minerals  in  that  district  is  not  favorable  for  the 
staking  of  claims  on  the  vein ;  while  another,  Mr.  Dawson  of  Port  Arthur 
doea  not  believe  that  the  plan  would  work  well  in  his  district,  where  quartz 
mininir  prevails.  The  plan  is  favored  chiefiy  because  it  is  thought  that  it  would 
giv-e  effectual  protection  to  the  prospector. 

Mining  lands  in  the  Huron  and  Ottawa  territory  are  sold  at  one  dollar 
P®f  acre,  and  in  the  northern  and  north-western  territory  at  two  dollars  per  Price  of  mineral 

_,.  ,  ■»        t   t  •  1  II  m  lands,  and  termik 

>^re,  cash.  Prospectors  regard  this  rule  as  a  hardship,  and  would  prefer  a  of  sale. 
time  allowance.  One  or  two  witnesses  are  of  opinion  that  the  service  of  an 
explorer  should  entitle  him  to  a  free  grant  of  one  location,  as  few  of  them 
>^<^  possessed  of  the  means  to  pay  ;  another  thinks  it  is  the  duty  of  the 
government  to  get  the  best  price  for  the  land ;  and  others  suggest  that  all 
diBcoveries  of  mining  land  be  reported  to  the  department,  examined  by  experts 
>^d  sold  by  auction,  the  same  as  timber  limits,  thus  securing  to  the  country 
^e  benefit  of  the  speculative  value.  Still  another  suggestion  is,  that  the 
^Ucoverer  might  be  allowed  to  hold  the  land  upon  payment  of  ten  cents  an 
^<^i^  yearly,  till  he  is  in  a  position  to  purchase  it  and  take  out  the  patent. 

Under  the  mining   division   system    any  person  holding  a   license  is 

^Uowed  to  mine  a  claim  one  year  upon  payment  of  a  fee  of  five  dollars,  with  The  licensing 

^    x-ight  of  renewal  of  the  license.    This  is  practically  the  same  as  the  leasing 

V'CKtem,  but  the  latter  does  not  seem  to  be  regarded  with  favor.     One  witness 

^^^8  licensing  has  proved  altogether  a  failure  in  this  country,  but  another 

^^Xnks  it  might  work  well  if  the  land  was  leased  at  such  a  rental  that  holders 

"^"Oiild  have  to  mine  it  or  throw  it  up.     Only  one  witness  favors  leasing  out- 

^^^S)^^  requiring  development  work  for  a  certain  time  as  a  condition  precedent ; 

^en  giving  a  lease  for  twenty-five  years  at  a  royalty,  with  the  option  of 

^"Qiiewal  for  a  like  term. 

By  the  mining  act  of  1869  all  royalties  reserved  or  made  payable  on 
minerala  or  ores  found  upon  patented  lands  were  abandoned,  both  as  to  the 
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past  and  the  future,  and  it  was  declared  that  no  reservation  or  exception  of 
gold,  silver,  iron,  copper  or  other  minerals  should  be  inserted  thenceforth  in 
any  patent  from  the  crown  granting  lands  in  the  province  sold  as  mining 
lands.  Exception,  however,  is  made  of  minerals  in  land  located  or  sold  under 
the  Free  Grants  act,  which  are  reserved  and  are  the  property  of  the  crown. 
Two  or  three  witnesses  are  of  opinion  that  as  a  matter  of  arrangement  a 
person  discovering  ore  or  mineral  on  land  already  patented  might  be  allowed 
to  work  it  upon  payment  of  a  royalty  to  the  owner,  and  that  such  arrange- 
ment might  have  the  sanction  or  authority  of  law.  Another  witness  states 
that  this  is  the  practice  in  Germany,  where  one  may  go  on  any  person's 
property  by  obtaining  permission  from  the  government,  and  in  case  he  can- 
not agree  with  the  proprietor  on  the  amount  to  be  paid  the  government  steps 
in  and  the  matter  is  settled  by  arbitration.  And  the  witness  adds  that  in 
his  own  experience  of  fifteen  years  in  that  country  he  never  had  any  trouble 
with  the  owners ;  they  were  always  glad  to  make  an  arrangement.  But  in 
the  sale  of  lands  in  Germany  the  minerals  are  reserved,  and  the  government 
claims  a  royalty  of  two  per  cent,  in  kind  in  addition  to  the  interest  paid  to 
the  owner  of  the  property.  Only  one  witness  ventures  to  say  that  it  is 
desirable  in  this  country  to  return  to  the  royalty  system,  and  he  thinks  it 
would  not  be  unjust  even  to  reclaim  the  abandoned  royalties,  as  when  selling 
the  land  the  government  got  nothing  for  the  minerals. 

Speculation  in  mining  lands  is  regarded  by  nearly  all  the  witnesses 


SpecuiaUonin  baneful,  and  especially  in  cases  where  large  blocks  are  held.  The  loudest 
complaints  are  made  in  the  lake  Superior  region,  where  a  great  deal  of 
territory  is  locked  up.  Nearly  the  whole  country  is  bought  up  on  speculation, 
one  witness  states,  and  people  are  asking  $1,000  to  $100,000  for  locations 
upon  which  a  dollar's  worth  of  improvement  has  not  been  done.  Many  people 
come  in,  a  witness  of  Denison  township  says,  and  finding  the  land  all  taken 
up  they  go  away  and  do  not  coijoe  back  again  at  all.  The  holding  of  land 
for  speculative  ends  stops  prospecting,  keeps  out  bona  fide  miners  and  retards 
the  development  of  the  country ;  such  is  said  to  be  the  general  effect.  Two 
witnesses  only  express  a  different  opinion,  one  denying  that  the  practice  has 
hindered  prospectors  or  kept  back  development,  and  the  other  stating  that  all 
the  prospector  can  do  is  to  find  the  mineral :  capital  has  to  take  the  risk  of 
developing  it.  The  latter  stands  alone  in  opposition  to  the  proposed  remedial 
measures ;  restriction  of  areas  and  compulsory  work,  he  says,  would  lead  to 
evasion.  All  other  witnesses  are  agreed  that  the  land  should  be  held  subject 
to  certain  conditions  of  mining  development,  and  several  suggest  that,  failing 
the  conditions,  the  land  should  revert  to  the  crown.  The  quantity  of  land 
would  not  so  much  matter.  Dr.  Selwyn  observes,  if  the  conditions  for  working 
it  bore  some  relation  to  the  extent  of  the  area ;  and  this  is  the  prevailing 
opinion.  One  important  feature  of  the  evidence  deserves  to  be  emphasised, 
viz.  :  that  rich  men  are  not  the  only  owners  of  land  held  for  speculation. 
Many  prospectors  are  also  holding  for  the  same  object,  having  neither  means 
nor  intention  to  work  the  properties  they  have  acquired.  JElich  and  poor  are 
in  many  cases  alike  indifferent  to  the  economic  fact  that,  in  the  words  of  one 
of  the  witnesses,  "  the  development  of  the  property  is  what  gives  it  value,  n 
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The  right  to  explore  patented  lands  is  suggested  by  several  witnesses  as 

a  remedy  of  the  evil  of  locking  up  large  blocks  for  speculation.     It  is  thought  5^^niJ^^2II,SL 

that  the  owners  of  such  lands  would  not  object  to  an  arrangement  whereby 

their  property  might  be  explored  and  a  royalty  paid  to  them  on  minerals 

taken  out.     Some  plan  of  this  kind,  it  is  claimed,  would  be  in  the  interest  ot 

the  country,  and  even  if  owners  of  the  land  were  compelled  by  law  to  enter 

into  an  agreement  with  explorers,  they  could  not  reasonably  complain  of 

injustice.     Prospectors  should  have  the  right   to  go  on  all  lands  held  for 

speculation,  one  witness  says,  and  should  be  guaranteed  an  interest  in  whatever 

minerals  may  be  found  or  allowed  to  work  them  on  a  royalty,  first  giving  the 

owners  of  the  land  a  certain  time  to  explore  and  develop  it  before  such  a 

provision  of  the   law  Was   allowed   to  come  into  operation  against  them. 

Another  advises  that  an  act  should  be  passed  to  enable  an  explorer  to  locate 

a  claim  wherever  minerals  occur  if  the  owner  will  not  work  them,  subject  to 

&  royalty  of  say  5  per  cent,  and  2^  per  cent  to  the  government — companies 

holding  large  areas  to  be  compelled  to  take  a  fixed  royalty  or  to  work  the 

'^es  themselves.     Mr.  Gordon,  who  represents  a  large  land    company  in 

^^burton,  has  no  doubt  that  his  company  would  willingly  give  prospectors 

^  half  interest  in  anything  they  found,   but  does  not   consider   that   the 

S^vemment  should  give  the  prospector  a  right  to  go  on  private  land  without 

Compensation.     Mr.  Cattanach,  who  has  had  a  large  experience  with  mining 

^^rprises,  thinks  it  would  be  advisable,  after  lands  have  been  patented  five 

jc&rs  without  development,  that  any  person  should  be  allowed  to  go  on  them 

*^d  prospect.     This  might  be  done  by  giving  the  discoverer  the  right  within 

ft  limited  time  of  working  the  find,  subject  to  payment  to  the  owner  of  25  per 

<**^"t.  of  the  profits  if  the  owner  did  not  exercise  the  option  of  working  it 

nixiiself  within  the  same  time  and  giving  to  the  discoverer  the  same  percentage 

o'  profits ;  either  one  being  at  liberty  to  take  up  the  work  on  his  own  accounti 

^^der  circumstances  which  would  forfeit  a  claim  under  the  general  mining 

^^^8.     Bat  he  thinks  that  a  law  authorising  an  arrangement  of  this  kind 

should  not  apply  to  lands  already  taken  up,  as  it  would  be  an  interference 

^^th  vested  rights  and  tend  to  frighten  foreigners  who  supply  nearly  all  the 

money  that  is  spent  in  mining.     It  is  not,  however,  within  the  knowledge  of 

^^y  of  the  witnesses  that  a  country  which  once  abandoned  all  right  and  claim  to 

Diix^erals  on  lands  sold  to  private  individuals  has  sought  to  reclaim  the  minerals 

^'^    such  lands  or  to  legislate  for  their  development,  either  with  or  without 

P«X>Tigion  being  made  for  compensation.* 

Mining  lands  like  other  public  lands  purchased  from  the  crown  in  the 
J^^OTganised  districts  are  subject  to  a  yearly  tax  of  one  cent  per  acre.  This  ^^n  °?and« 
"  Supposed  to  operate  against  the  practice  of  holding  mineral  lands  for  a 
speculative  object,  and  it  is  stated  that  many  locations  are  sold  every  year 
^^^  arrears  of  taxes.  One  witness  suggests  that  the  rate  should  be  increased 
^"th  a  view  to  prevent  purchase  by  speculators,  while  others  are  of  opinion 
®^t)ier  that  it  is  sufficiently  high  now  or  that  it  is  an  utter  failure  as  a  scheme 
tor  enforcing  development  of  the  property.     One  result  secured  by  the  system 

*The  Soath  AustaraliA  Iaw  relating  to  mining  on  private  property  appears  to  contain  such 
^pfovinon — implied,  if  not  definitely  expressed. 
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of  taxation  is  a  change  in  the  ownership  of  the  property^  in  many  cases,  but 
that  may  or  may  not  lead  to  any  practical  benefit  in  so  far  as  concerns  mining 
operations. 

The  destruction  of  timber  by  forest  fires  is  complained  of  by  several 
witnesses  as  inimical  to  the  mining  industry,  and  one  witness  states  that  in 
some  instances  prospectors  have  no  objection  to  the  spread  of  fire  as  it  uncovers 
the  rock,  thereby  facilitating  the  discovery  of  veins,  and  that  they  have  been 
known  to  start  fires  for  that  object.  The  same  witness  admits,  however,  that 
it  is  difficult  to  ascertain  if  a  fire  has  been  set  out  purposely,  but  thinks  it  is 
fair  to  presume  that  where  a  prospector  leaves  his  camp-fire  burning  he 
is  guilty  of  criminal  carelessness.  In  the  lumbering  regions  greater  care 
is  exercised  for  the  prevention  of  fires  than  in  regions  where  timber  of  no 
merchantable  value  exists,  and  with  the  conjoint  efforts  of  the  government 
and  limit  holders  it  is  admitted  that  every  reasonable  precaution  is  taken  to 
preserve  the  forests  from  destruction  by  fire. 

The  mining  division  system,  as  provided  for  in  the  mining  act,  does  not 
seem  to  be  held  in  favor  by  prospectors,  miners  or  owners  of  mineral  land. 
Two  divisions  were  established  in  the  province  under  the  acts  of  1864  and 
1869,  one  in  the  Bay  of  Quints  and  the  other  in  the  lake  Superior  district,  but 
after  an  experience  of  the  system  extending  over  several  years  the  orders  in 
council  creating  the  divisions  were  cancell^.  The  provisions  of  the  act  still 
remain,  however,  and  may  be  put  into  operation  whenever  or  wherever  it  is 
deemed  expedient  by  the  government. 

Complaint  is  made  by  one  witness  of  the  injustice  which  may  be  done  to 
mine-owners  in  not  allowing  them  to  work  a  vein  where  it  dips  outside  vertical 
lines  along  the  boundaries  of  their  own  property.  He  thinks  the  miner 
should  have  the  right  to  follow  his  vein  wherever  it  goes,  and  instances  the 
wrong  done  to  a  Scotch  company  which  spent  $500,000  on  a  property  and 
had  to  abandon  it  because  the  vein  dipped  into  an  adjoining  property. 
Several  Ontario  mines,  he  states,  are  in  a  similar  condition  on  this  account. 
It  does  not  appear,  however,  that  the  mining  act  makes  any  provision  for 
such  a  case  on  mining  locations.  It  is  only  in  the  case  of  mining  claims 
taken  up  in  an  established  mining  division  that  the  miner's  right  in  his 
vein  is  dealt  with.  "  The  ground  included  in  every  claim,"  section  20  of  the 
act  provides,  "  shall  be  deemed  to  be  bounded  under  the  surface  by  lines 
vertical  to  the  horizon ;  except  that  every  mining  claim  shall  include  and 
shall  authorise  the  licensee  to  work  every  dip,  spur  and  angle  of  the  vein  or 
lode  laterally  to  the  depth  to  which  the  same  can  be  worked,  with  all  the 
earth  and  minerals  therein."  The  right  to  follow  the  vein  wherever  it  ma^ 
lead  seems  to  be  implied  here  ;  but,  as  previously  stated,  no  provision  is  made 
as  to  property  right  in  a  similarly  occurring  vein  on  a  mining  location. 

No  complaint  has  been  made  by  miners  or  others  of  the  absence  of 
provisions  in  the  mining  act  for  the  health  and  safety  of  mining  employes  ; 
doubtless  for  the  reason  that  the  number  of  deep  working  mines  in  the 
country  are  few,  and  that  so  far,  fortunately,  accidents  have  been  of  rare 
occurrence. 


263 


MINING    LAWS    IN    ONTARIO    AND    ELSEWHERE 

n.  A  full  account  of  mining  laws  in  even  the  principal  countries  of  the 
world  would  take  up  a  space  far  beyond  the  limits  assigned  to  this  part  of  Value  of  expeii- 
the  report.  Wherever  mining  operations  are  carried  on  the  laws  have 
been  changed  from  time  to  time  as  experience  has  seemed  to  show  the  neces- 
sity for  amendment,  and  the  record  of  legislation  in  the  United  States  and 
Canada  alone  would  fill  several  volumes.  Our  experience  in  Ontario  extends 
now  over  a  period  of  forty-four  years,  and  if  some  wisdom  has  been  gained  it 
is  desirable  to  trace  the  steps  of  progress,  and  especially  to  learn  what  plans 
and  provisions  have  succeeded  or  failed,  in  the  hope  that  we  may  be  intelli- 
gently directed  in  the  way  of  further  improvement.  We  have  also,  doubtless, 
Something  to  learn  from  the  experiences  of  other  countries,  but  as  regards 
^liese  it  will  sufSce,  perhaps,  to  summarise  the  existing  laws. 

ONTARIO. 

It  does  not  appear  that  any  laws  or  r^ulations  concerning  mines  of 
mining  were  adopted  in  this  province  previous  to  1 845,  the  first  season  or  Firet  «^^ 
^zploration  and  discovery  in  the  lake  Superior  region,  and  for  the  fiirst  year 
^^ck  case  requiring  executive  action  was  dealt  with  as  it  arose  by  order  in 
^^^^tuidl.  Several  points  settled  in  this  way  were  embodied  in  an  ordei- 
Approvedby  the  governor-general  in  council  on  the  12th  of  December,  setting 
forth  as  follows : 

1.  That  the  fact  of  having  made  prior  explorations  will  form  the  ground  of  Explorer's  right, 
application  for  license  to  occupy  and  open  the  mines. 

2.  That  each  party  wiU  be  called  upon  to  furnish  particulars  of  such  explora- 

**^**i,  the  several  steps  taken  to  obtain  information,  the  result  in  detail  of  their  Explorer  to 
"^^coveriea,  the  character  of  the  various  veins  or  beds  of  ore,  their  probable  extent 
^'^  lichneaa,  and  such  other  particulars  as  a  rough  geological  enquiry  by  a  scientific 
o'^ii  ''^^^^^  ^  expected  to  furnish. 

3.  That,  to  guard  against  a  perversion  of  the  intentions  of  the  government  in 
J'^iiting  licenses,  the  different  applicants  should  furnish  the  names  of  all  the  parties  y*^*^*^***'^' 
fovuiijig  each  association,  that  no  licenses  will  be  granted  to  other  than  British  sub- 
jects, and  that  no  transfer  or  assignment  of  interest  will  take  place  without  the 

''^Ustion  of  the  government  unless  the  parties  are  British  subjects. 

4.  That  no  license  of  occupation  be  issued  until  the  provincial  geologist  or 

otHer  scientific  agent  of  the  government  shall  have  had  an  opportunity  of  marking  Scientific  war- 
the    boundaries  of  the  several  limits,  and  of  examining  and  remarking  upon  the  ^^^' 
<t&tement8  furnished  by  the  several  exploring  parties. 

On  the  7th  April,  1846,  the  council  fixed  the  extent  of  a  mining  tract  or 
location  at  one  mile  in  front  by  five  miles  in  depth  ;  and  on  the  18th  of  the  S*^'""*  **** 
*^<^6  month,  upon  the  petition  of  parties  interested  in  mining  explorations, 
th^  limit  was  extended  to  two  miles  in  front  by  five  in  depth. 

On  the  9th  of  May  a  set  of  revised  regulations  was  approved,  providing  ReeuiaUons  of 
•»  «oUowB :  '*"" 

1.  Each  license  to  explore  to  have  one  location.  One  location. 

2.  A  location  to  consist  of  five  miles  in  length  by  two  in  breadth,  the  length  size  of  location. 
tl^Qreof  to  be  with  the  course  of  the  mineral  vein. 

3.  The  geologist  to  determine  the  direction  in  tlie  case  of  different  courses  on  ccxme  of  vein. 
adjoining  locations. 

4.  A  land  surveyor  to  fix  the  limits  of  each  location,  and  forward  a  description  survey, 
to  the  government. 

5.  Priority  of  discovery  by  exploration  to  be  the  foundation  of  priority  of  Pnority  of  right 
fight  to  any  location  claimed. 

6.  Reports  pointing  out  and  selecting  a  location  to  be  classed  according  to  Evidenoe  of  dit- 
ivoeipt,  aiid  to  be  the  beet  evidence  of  discovery  ;  possession  by  the  erection  and  ^^^^^y- 
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occupation  of  a  hut  to  be  the  next  best,  and  it  shall  not  be  competent  for  a  party  ta 
occupy  more  than  one  hut  as  a  mark  of  location  at  the  same  time  ;  priority  of 
application  to  be  the  next  best. 

As  to  the  tenure  of  locations,  the  government  was  for  some  time  unde* 
cided  between  a  policy  of  sale  in  fee  simple  and  one  of  conveyance  by  lease 
for  a  term  of  twenty-one  years.  Finally  an  order  in  council  'approved  7th 
October,  1846,  settled  the  terms  of  possession  as  follows  : 

The  several  license  holders  will  be  permitted  to  work  the  mines  under  the 
authority  of  the  licenses  which  they  now  hold,  with  the  option,  either  now  or  at 
any  time  within  the  period  of  two  years,  to  purchase  the  location  of  ten  square 
miles  at  the  rate  of  4s.  per  acre,  payable  one-fifth  part  in  hand  and  the  balance  ia 
five  yearly  payments  with  interest. 

This  regulation  was  followed  by  another  on  the  2nd  of  November,  which 
provided  that  a  license-holder  should  be  entitled  to  a  certificate  of  location 
from  the  commissioner  of  crown  lands  upon  payment  of  £150,  to  cover  the 
cost  of  survey  and  other  contingent  expenses — this  sum  to  be  placed  at  the 
credit  of  the  locatee  as  a  part  of  the  first  instalment  when  the  sale  was  con- 
firmed, and  to  be  forfeited  to  the  government  in  case  of  failure  to  make  good 
the  payment  of  that  instalment  within  the  period  of  two  years. 

No  further  change  in  the  regulations  was  made  until  1853.  A  report  to 
council  made  by  the  commissioner  of  crown  lands  in  that  year  represented 
that  the  existing  system  of  allotting  mining  tracts  had  not  realised  the  anticL 
pations  formed  of  it,  nor  had  it  enabled  individuals  desirous  of  engaging  in 
mining  pursuits  to  effect  their  objects  without  compelling  them  to  pnrchaie 
locations  of  so  extensive  an  area  as  to  occasion  a  needlessly  large  expenditure 
of  capital  on  acquiring  a  right  to  explore  and  mine  where  the  indications  were 
favorable.  Therefore  he  advised  such  change  in  the  regulations  as  would 
combine,  with  a  right  to  explore  during  a  limited  period  on  favorable  terms. 
the  privilege  of  purchasing  tracts  of  very  moderate  extent,  providing  the 
exploration  proved  satisfactory.  In  accordance  with  the  commissioner'a 
recommendation,  regulations  were  adopted  to  the  following  effect : 

1.  That  upon  payment  into  the  hands  of  the  commissioner  of  crown  lands  of 
the  sum  of  £25,  that  officer  be  permitted  to  issue  a  license  to  any  individual  author- 
ising him  to  explore  ujion  any  unconceded  lands  within  the  limits  of  any  such 
county  or  section  of  country  as  he  may  desire  to  be  inserted,  situated  within  the 
boundaries  of  Upper  Canada,  for  copper,  lead,  iron,  tin,  marble,  gypsum,  earth  or 
minerals. 

2.  Such  license  to  remain  in  force  for  a  period  of  two  years,  and  to  author- 
ise the  individual  in  whose  favor  it  was  issued  to  take  possession  of  a  tract  not 
exceeding  400  acres  and  not  already  occupied  by  any  other  person — such  tract  to 
be  in  the  proportion  of  40  chains  front  by  100  chains  in  depth. 

3.  The  license-holder  to  report  his  discovery  and  selection  accurately  by  letter 
and  map  within  six  months  from  the  issue  of  his  license,  accompanied  by  an  affi- 
davit made  by  himself  and  some  other  credible  persons,  proving  that  no  counter 
occupation  or  workings  exist. 

4.  And  at  the  expiration  of  such  term  of  two  years,  during  which  the  license 
shall  have  force,  he  shall  complete  a  purchase,  paying  the  consideration  money  in 
one  sum,  at  the  rate  of  7s.  6d.  per  acre,  or,  failing  to  do  so,  he  shall  be  regarded  as 
having  abandoned  such  right  to  purchase. 

The  next  important  change  in  the  regulations  was  made  on  15th  March, 
1861,  when  the  following  were  substituted  for  the  regulations  of  1853  : 

1.  That  for  mining  purposes  tracts  comprising  not  more  than  400  acres  each  be 
granted  to  parties  applying  for  the  same,  at  the  rate  of  91  per  acre,  to  be  paid 
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io  fall  on  the  sale,  the  applicant  furnishing  a  plan  and  description  of  the  locality  to 
the  department  of  crown  lands,  and  on  condition  that  such  mineral  location  be 
workea  within  one  year  from  the  date  of  grant. 

2.  That  no  patent  therefor  issue  until  two  years  from  the  date  of  the  pur-  Condition  of 
cbaaej  and  then  only  upon  proof  that  the  purchaser  or  his  assignee  has  continued  to  p^'^"*- 
Jfork  said  location  bona  fide  for  at  least  one  year  previously. 

3.  That  the  fee  of  9100  (£25)  for  permission  to  explore,  now  charged,  be  Explorer's  fee 
aboHshed.  abolished. 

4.  That  locations  be  sold  to  the  first  applicant  agreeing  to  the  terms  above  Prior  claim, 
specified. 

5.  That  these  regulations  shall  not  apply  to  mines  of  gold  and  silver. 

On  the  2l8t  of  April,  1862,   another  radical  change  was  made  in  the  Regulations  of 
regulations,  simplifying  them  as  to  the  conditions  of  purchase,  but  providing 
for  a  royalty  on  the  ores.     The  new  order  set  forth  : 

That  in  all  future  sales  of  mineral  lands  a  royalty  of  2^  per  cent,  on  all  ores 
extracted  be  charged,  payable  in  cash,  on  the  value  of  the  ore  prepared  for  market  Royalty. 
at  tKe  mine,  and  that  letters  patent  be  issued  for  such  lauds  on  the.  payment  ot  the 
purchase  money  without  any  additional  conditions  ;  also  that  lots  in  surveyed 
townships,  presenting  indications  of  minerals,  be  sold  at  the  same  price  per  acre  as 
the  lands  adjacent,  subject  to  the  above-mentioned  royalty. 

Those  conditions  of  sale  and  location  of  mineral  lands  were  ac:ain  changed  Remiiations  of 

1864 

on  3rd  March,  1864,  by  the  substitution  of  the  following  regulations  : 

1.  That  the  tracts  shall  comprise  not  more  than  400  acres. 

2.  That  the  dimensions  of  the  tracts  in  unsurveyed   territory  be  40  chains  in  Dimensions  of 
"^*it  by  100  chains  in  depth,  and  bounded  by  lines  running  due  north  and  south,  *'*<^- 

^^  east  and  west,  or  as  near  to'  these  dimensions  as  the  configuration  of  the  locality 
^U  admit. 

3.  The  applicant  for  a  tract  in  unsurveyed  territory  must  furnish  a  plan  and  Plan  to  be 
**®*oription  thereof  by  a  provincial  land  surveyor.  furnished. 

4.  The  price  shaU  be  $1  an  acre,  payable  on  the  sale.  Price. 

5.  That  a  tax  or  duty  of  91  per  ton  be  charged  on  all  ores  extracted  from  the 

^^''^#1,  payable  on  removal  from  the  mine.     This  condition  applies  to  all  mining  Tax  substituted 
«4^  sold  since  the  1st  day  of  April,  1862,  and  is  in  lieu  of  the  royalty  of  2^  per  '^'^  ^yaity. 
^'^'^t;.  chargeable  on  the  ores  from  these  lands.* 

6.  That  in  surveyed  townships  lots  presenting  indications  of  minerals  be  sold  pnceinsurvey- 
^T^  **^®  above  conditions,  but  at  not  less  than  $1  per  acre  in  any  township,  and  at  ed  townships. 
"^^  same  price  as  the  other  lands  in  the  township  when  it  is  more  than  $1  per  acre.  Limit  of  pur- 

7*  That  not  more  than  one  tract  of  400  acres  be  sold  to  one  person.  chase. 

The  first  mining  act   of   the   united  provinces  of   Upper   and   Lower 
^Hada,  known  as  the  Grold  Mining  act,  was  passed  in  the  session  of  1864,  The  Gold  Mininj? 

ftt^^a  '  B         >  r  'act  of  1864. 

*'*^  received  the  royal  assent  on  the  30th  of  June.  It  was  an  act  of  40 
^^^^iona,  drawn  up  with  great  nicety  and  particularity  for  the  working  of 
^^^^jrtz  and  alluvial  mines  and  for  the  protection  of  miners'  rights  in  their 
^^^^^tions.  It  provided  for  the  institution  of  mining  divisions,  for  the 
^f^I^ointment  of  inspectors  of  divisions  with  large  powers,  for  the  staking  of 
ci^^M,.  for  licenses  to  mine,  for  licenses  to  mill,  for  sworn  returns  of  gold 


en  out,  for  preservation   of   the  peace,  and  generally  all  the  legislative 
ppings  of  a  placer-diggings  gold  land.     Following  is  a  summary  of  its 
provisions  : 

,.      ^  1.  The  divisions  were  created  by  order  in  council,  and  an  inspector  for  each 
^^^ision  had  the  administration  of  the  act  in  his  hands,   within  the  limits  of  his  Mining  division 
^*^ct.     This  officer  was  clothed  with  power  to  settle  summarily  all  disputes  as  to  *°^  inspectors. 
®^t«nt  or  boundary  of  claims,  use  of  water,  damage  by  licensees  to  others,  forfeiture 


^   *By  an  order  of  10th  June  following,  it  was  provided  that  this  duty  should  not  come  into 
effect  ontU  1st  April,  1865. 
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of  licenses,  and  all  difficulties  and  matters  arising  under  the  act  or  offences  against 
any  of  its  provisions,  and  generally  his  decisions  were  to  be  final. 

2.  The  act  made  it  unlawful  for  any  person  in  a  mining  division  to  mine  for 
gold  either  for  himself  or  any  other  person,  except  under  a  crown  lands  or  a  private 
lands  license  ;  but  it  was  generously  provided  that  no  license  fee  should  be  exacted 
for  exploring  for  gold  until  the  precious  metal  was  discovered.  The  crown  lands 
license  was  issued  at  a  fee  of  $2  per  month,  and  authorised  the  holder  of  it  to  stake 
out  and  mine  one  claim  on  any  unsold  crown  lands  within  the  mining  division. 
The  private  lands  license  was  given  for  a  fee  of  $1  per  month,  and  authorised  the 
holder  to  mine  on  private  land  with  the  consent  of  the  owner  to  the  limit  or  extent 
agreed  upon  between  the  parties.  It  was  allowable,  however,  for  any  proprietor 
of  a  lot  to  take  out  a  license  for  each  miner  working  upon  bis  land,  in  the  name  of 
such  miner.  To  entitle  himself  to  renewal  of  license  the  miner  was  required  to 
make  a  full  and  true  statement  upon  oath  of  the  labor  performed  and  the  gold 
obtained  by  him  during  the  term  of  his  expired  license. 

8.  The  dimensions  of  an  alluvial  claim  were,  if  on  a  river  or  large  creek,  20  feet 
front  by  50  feet  to  the  rear,  from  the  water's  edge  ;  if  on  a  small  creek,  40  feet 
front  by  60  feet  to  the  rear,  from  the  centre  of  the  stream  ;  if  in  a  gully,  60  feet 
along  the  gully,  from  hill  to  hill ;  if  on  a  surface  or  hillside  digging,  60  feet  square  ; 
and  if  in  the  bed  of  a  river,  such  size  and  position  as  the  inspector  might  determine. 
For  a  quartz  claim  a  person  might  take  100  feet  along  a  lead  by  100  feet  on  each 
side,  from  the  centre  of  the  lead  ;  but  companies  of  two  or  more  persons  might 
stake  out  and  work  additional  feet  along  the  lead  within  the  proportion  of  25  feet 
for  every  miner,  not  to  exceed  500  feet,  and  work  the  claim  jointly. 

4.  Claims  were  to  be  laid  out  as  far  as  possible  uniformly  in  rectangular  shapes, 
measurements  to  be  on  the  level,  and  all  claims  to  be  bounded  imder  the  surface  by 
lines  vertical  to  the  horizon. 

5.  On  crown  lands  licensees  had  the  right  of  continued  occupation  of  a  claim 
subject  to  the  condition  of  continuous  working  and  without  intermission  for  a  longer 
period  than  one  week,  and  subject  also  to  compliance  with  the  requirements  of  the 
act  and  the  regular  renewal  of  licenses  ;  and  no  person  was  allowed  to  occupy  at  the 
same  time  more  than  one  claim  on  crown  lands. 

6.  The  discoverer  of  a  new  mine  was  entitled  to  a  license  free  of  fees  for 
twelve  months  for  one  claim  of  the  largest  area  ;  but  no  one  could  be  regarded  as  a 
discoverer  unless  the  place  was  at  least  three  miles  from  the  nearest  known  mine 
on  the  same  quartz  lead,  or  at  least  one  mile  at  right  angle  from  the  course  of  the 
lead,  and  if  in  alluvial  workings  at  least  two  miles  from  any  previously  ditcovered 


mme. 


7.  No  mill  or  other  machinery  for  crushing  or  reducing  ore  in  a  mining  division, 
other  than  hand  mills,  ^could  be  used  without  license,  issued  at  a  fee  of  $5  per 
month  ;  and  a  full  and  particular  statement  under  oath  was  required  to  be  made 
monthly  to  the  inspector  by  the  mill-owner,  giving  the  name  of  the  owner  of  each 
parcel  of  quartz  crushed,  its  weight  and  the  yield  in  weight  of  gold  from  each  parcel. 

This  Act  did  not  make  any  change  in  the  March  regulations  of  the  same 
year.  But  on  the  12th  of  April,  1865,  it  was  ordered  that  the  clause  requiring 
payment  of  one  dollar  per  ton  on  all  ores  extracted  from  lots  sold  as  mineral 
lands  should  no  longer  be  inserted  in  the  grants  of  such  lands  ;  and  also  that 
in  letters  patent  for  lands  on  the  shores  of  lakes  Huron  and  Superior  the 
clause  reserving  all  mines  of  gold  and  silver  might  be  omitted  at  the 
discretion  of  the  commissioner  of  crown  lands.  So  the  regulations  stood 
until  13th  July,  1866,  when  the  following  changes  were  made  in  respect  of 
all  minerals  and  ores  excepting  gold  and  silver  : 

1.  Each  regular  mining  tract  in  unsurveyed  territory  to  consist  of  blocks  of 
200  to  400  acres ;  the  tracts  to  be  surveyed  by  a  provincial  land  surveyor  and 
connected  with  some  known  point  in  previous  surveys  at  the  cost  of  the  applicant ; 
and  the  applicant  to  furnish  the  surveyor's  plan,  field  notes  and  descriptions,  and 
pay  the  price  of  one  dollar  per  acre  to  the  department  of  crown  lands  at  the  time 
of  making  application. 

2.  In  surveyed  townships  lots  that  present  indications  of  minerals  to  be  sold 
on  the  above  conditions,  but  at  not  less  than  $1  per  acre  in  any  township,  and  at  the 
same  price  as  other  lands  in  the  township  where  it  is  more  than  f  I  an  acre. 
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3.  Mining  lands  in  aurveyed  townships  to  be  sold  by  the  local  agents  for  cash,  ^  ^y^^^  ^  y^ 
bat  all  lands  in  unsurveyed  territory  to  be  sold  by  the  department.  sold. 

In  respect  of  gold  and  silver  the  regulations  provided  that  in  gold 
mining  divisions  the  department  should  discriminate  as  far  as  practicable  ^J^"^  •*'^«' 
between  purchasers  for  actual  settlement  and  those  for  mining  and  specula- 
tive porpotes  ;  and  that  "  in  all  letters  patent  for  lands  the  clause  reserving 
all  mines  of  gold  and  silver  be  omitted." 

On  the  last  day  of  the  session  of  1868,  being  the  first  session  of  the 
legialatore  of  Ontario  under  Confederation,  a  bill  was  introduced  and  put  guJe^^nlS** 
through  its  several  stages  under  the  title  of  an  act  respecting  Gold  and  Silver  »ct  of  1868. 
Mines.     It  was  based  on  the  act  of  1864,  but,  in  consequence  of  recent 
discoveries  of  silver  on  the  north  shore  of  lake  Superior,  its  provisions  were 
made  to  extend  to  silver  as  well  as  gold.     The  commissioner  of  crown  lands 
in  introducing  his  measure  stated  that  the  act  of  1864  had  imposed  a  fee  ijj®„™*^^* 
wider  which  parties  were  allowed  to  work  gold  mines  instead  of  a  royalty,  royalty  system. 
bat  as  this  plan  was  proved  to  be  practically  a  failure  he  proposed  to  substi- 
tute a  miner's  license  and  royalty  instead  of  a  fee.     Among  the  new  or 
UQended  provisions  of  the  act  were  the  following  : 

1.  That  on  payment  to  him  of  a  fee  of  $5  an  inspector  of  a  mining  division 

mi^ht  grant  to  the  party  applying  therefor  a  miner's  license  for  one  year,  with  the  Miners  license. 
'isHt  of  renewal  on  payment  of  the  same  fee,  and  authorising  the  holder  to  explore 
'^ci  mine  for  gold  and  silver  one  staked  claim  on  any  unsold  or  unoccupied  crown 
^^xicl  in  the  division. 

2.  That  for  alluvial  mines  a  claim  on  any  river,  creek,  gully  or  sidehill  should 

^  100  feet  square  ;  and  for  quartz  mines,  150  foot  along  a  lead  by  100  feet  3n  each  ^'o*  o'  claims. 
•i^e  measured  from  the  centre,  with  100  additional  feet  for  each  miner  of  a  company 
of  fywo  or  more  to  work  the  claim  jointly,  not  to  exceed  1,000  feot  altogether. 

3.  That  the  proprietors  of  a'l  private  lands  in  a  division  should  have  the  right 

"^  Uiine  tor  gold  and  silver  on  their  own  lands,  subject  to  a  royalty  of  two  to  ten  Royalty. 
P®^  cent,  as  fixed  from  time  to  time  by  order  in  council,  and  that  payment  of  the 
'^Hae  royalty  should  also  be  retjuired  of  all  miners  working  claims  on  crown  lands  ; 
®*<5li  licensed  mill-owner  to  keep  back  and  pay  the  royalty  on  each  lot  or  parcel  of 
q'O^rtz  as  crushed,  as  shown  by  his  books,  and  to  be  allowed  five  per  cent,  on  the 
^Oioont  paid  over  by  him  to  the  treasurer  of  the  province  for  his  remuneration. 

The  measure  did  not  carry,  however,  without  severe  criticism.     It  was 

^^olared  that  a  retrogade  line  of  policy  was  being  adopted,  that  several  of  the  SeMuro?  **'  ^* 

P^^visions  imposed  substantial  fetters  on  transactions,  that  the  effect  of  the 

'^.yalty  would  be  to  drive  miners  away,  and  that  such  a  policy  was  most 

^^^^wise  in  view  of  the  hopelessness  of   developing  our  mines  except  with 

'^^'^eign  capital.     To  these  objections  the  government  replied  by  stating  that 

^^^y  had  not  been  able  to  procure  sufficient  information  upon  which  to  frame  a 

P'^^ect  or  final  measure;  that  this  one  was  in  the  nature  of  an  experiment  until 

^^^  next  session  of  the  legislature,  when  a  more  matured  scheme  would  be 

'^^^^sented ;  but  that  they  were  prepared  to  stand  or  fall  on  the  royalties. 

Daring  the  recess  several  petitions  were  presented  to  the  government 

^^^  and  against  the  provisions  of  the  new  act,  and  in  the  following  session  a 

^^Jl  was  introduced  and  carried  which,  with  one  amendment,  has  remained  Mining  act  of 

^^e  mining  act  of  the  province  to  the  present  time.     Following  are  its  chief 

^tX)vi8ion8  : 

1.  All  royalties  reserved  by  any  patent,  and  all  taxes  or  duties  made  payable  All  royaiuea 
^pon  ores  or  minerals  taken  from  lands  granted  by  such  patents  are  repealea  and  '^^^^IS^ 
•libaQdoned,  and  lands,  ores  and  minerals  are  henceforth  free  from  every  royalty,  ^ 
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tax  and  duty  ;  and  all  reservations  of  gold  and  silver  mines  in  any  patent  already 
issued  are  made  void,  no  reservation  or  exception  of  any  minerals  to  be  hereafter 
inserted  in  any  patent  granting  lands  in  the  province  sold  as  mining  lands. 

2.  Any  person  may  explore  for  minerals  on  any  crown  lands  not  marked  or 
staked  out  and  occupied. 

8.  Crown  lands  supposed  to  contain  minerals  may  be  sold  as  mining  lands,  and 
to  be  known  as  *  mining  locations '  when  situate  in  unsurveyed  territory  or  in 
townships  surveyed  in  sections  ;  or  may  when  pituate  within  a  mining  division  be 
occupied  and  worked  as  *  mining  claims/  rnder  miners'  licenses. 

4.  Mining  locations  in  the  unsurveyed  territory  north  or  north-west  of 
Mattawan  river,  lake  NipiHbing  and  French  river,  inchiding  the  territory  bordering 
on  lakes  Huron  and  Superior  and  the  river  St.  Mary,  must  be  rectangular  in  shape 
and  of  one  of  the  following  dimensions,  viz.:  80  by  40  claims  containing  320 
acres,  or  40  chains  square  containing  160  acres,  or  40  by  20  chains  containing  80 
acres  ;  and  in  townships  of  the  same  territory  surveyed  into  sections  each  location 
must  consist  of  a  half,  a  quarter  or  an  eighth  section  ;  but  iu  unsurveyed  lands 
outside  of  said  territory  the  extent  of  locations  is  as  may  be  defined  by  order  in 
council. 

5.  Mining  locations  in  unsurveyed  territory  must  be  surveyed  by  a  provincial 
land  surveyor  and  connected  with  some  known  point  at  the  cost  of  the  applicants, 
who  are  required  to  furnish  the  department  the  surveyor's  plan,  field  notes  and 
description,  with  their  application. 

6.  The  price  of  all  crown  lands  sold  as  mining  locations  in  the  northern 
territory  was  $1  per  acre  until  1886,  when  by  amendment  of  the  act  it  was  raised 
to  $2  per  acre. 

7.  The  patents  for  all  crown  lands  sold  as  mining  lands  reserve  all  pine  treea 
on  such  lands,  and  any  person  holding  a  license  to  cut  timber  on  such  Lauds  may 
cut  and  remove  the  pine  ;  but  the  patentees  may  cut  and  use  a<i  many  trees  as  may 
be  necessary  for  building,  fencing,  fuelling  and  mining  purpo<-es,  and  all  trees 
required  to  be  removed  in  clearing  the  land  for  cultivation. 

The  remaining  provisions  of  the  act  refer  to  mining  divisions,  and  are 
based  on  those  of  the  acts  of  1864  and  1868,  but  with  the  sections  which 
provide  for  the  leasing  of  gold  and  silver  mills  and  the  payment  of  royalties 
omitted.  The  clauses  relating  to  alluvial  claims  are  also  omitted,  and  the 
dimensions  of  a  claim  are  extended  to  200  feet  along  the  vein  by  100  feet  on 
each  side  of  it,  measured  from  the  centre,  but  with  the  same  limitations  as  in 
the  act  of  1868  in  the  case  of  two  or  more  persons  working  a  claim  jointly. 
The  rules  as  to  laying  out  claims  continue  as  in  the  act  of  1868,  bat  the 
section  defining  the  bounds  of  a  claim  under  the  surface  are  amended  by  an 
additional  clause.  The  act  of  1868  provided  that  "the  ground  included  in 
every  claim  shall  be  deemed  to  be  bounded  under  the  surface  by  lines  vertical 
to  the  horizon;"  to  which  the  act  of  1869  adds  the  exception  "that  every 
mining  claim  shall  include  and  shall  authorise  the  licensee  to  work  every  dip, 
spur  and  angle  of  the  vein  or  lode  laterally  to  the  depth  to  which  tbe  same 
can  be  worked,  with  all  the  earth  and  minerals  therein."  The  effect  of  this 
qualifying  clause,  however,  is  not  very  clear. 

The  general  scheme  of  this  measure,  as  explained  by  the  commissioner 
of  crown  lands  on  the  second  reading,  was  to  encourage  practical  miners  by 
opening  to  them  a  promising  mineral  district  under  the  leasing  or  licensing 
system  ;  and  also  to  encourage  capitalists  by  enabling  them  to  get  possession 
of  large  blocks  by  purchase.  As  originally  drawn,  the  bill  fixed  the  area  of  a 
mining  location  at  320  acres,  but  the  views  of  members  were  met  by  fixing 
the  minimum  at  80  acres  for  the  accommodation  of  explorers  and  practical 
miners.  Several  leading  members  urged  that  miners  should  be  allowed 
to  take  up  40  acres.     No  provision  was  made  for  the  working  of  locationa 
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for  the  reason,  as  stated  by  the  commissioner,  that  experience  had  shown 

them  to  be  ineffectual.     Neither  was  any  limit  placed  on  the  number  of  ^iSoMdl**"' 

locations  one  person  might  purchase,  because  a  former  regulation  limiting 

ui  individual  purchase  to  400  acres  had*  failed  of  its  object.     It  had  been 

e^ded  by  persons  taking  up  other  lots  in  the  name  of  their  friends.     Frauds 

of  this  kind,  it  was  said,  could  not  be  prevented  by  statutory  enactment, 

And  it  was  idle  to  cumber  the  statute  book  with  provisions  which  were  sure 

to  be  evaded.     It  was  only  in  the  case  of  mining  claims — small  blocks  of  200 

feet  square^that  provision  was  made  to  limit  individual  holdings  and  to 

impose  working  conditions.     Only  the  discoverer  of  a  mine  is  entitled  to 

two  claims,  and  the  claim  of    any  licensee  is  forfeited  upon  its    remaining 

nnworked  a  specified  time.     No  regulations  have  been  made  under  the  act. 

QUEBEC. 

The  mining  act  of  the  province  of  Quebec  consists  of  161  *  articles '  or 
•actions,  and  is  similar  in  its  leading  provisions  to  the  French  mining  act  of  2!t*      "  "  "^ 
1810.     Following  is  a  summary  of  the  act : 

1.  In  letters  patent  for  lands  granted  for  agricultural  purposes  the  re8er^'e 
of  mining  rights  to  the  crown  is  assumed  and  these  rights  are  a  property  separate  Mining  righu 
fram  the   soil,  constituting  a  public  property  independent  from  that  of  the  soil  J?'®^'**^  ^ 
which  is  above  it,  unless  the   proprietor  of   the   soil  has  acquired   it  from   the     •*^**^°* 
cro^vrn  as  a  mining  location  or  otherwise. 

S.  Any  person  who  obtained  a  lot  of  public  land  for  agricultural  purposes  pre- 
▼iona  to  July  24,  1880,  who  discovers  a  mine  upon  it,  may  purchase  the  mining  Private  o^jner 
ngHls  reserved  by  the  government  by  paying  in  cash  to  the  commissioner  over  and  uie'resenred* 
sbove  the  price  already  paid  enough  to  make  up  $2  per  acre  if  for  gold  or  silver,  rights. 
>Ad  ^I  per  acre  if  for  copper,  iron,  lead  or  other  baser  metal ;  and  in  the  case  of  land 
■old.  for  agriculutral  purposes  vdthout  reservation  by  the  government,   the  owner 
▼ho  discovers  gold  or  silver  upon  it  may  work  the  same  without  license  by  paying 
^  the  commissioner,  over  and  above  the  price  already  paid,  enough  to  make  up 
s  total  of  $2  per  acre.     If  on  lands  granted  for  agricultural  purposes  sinci  March  9,  Phosphate  of 
1^8,  phosphate  of  lime  has  been  discovered,  the  owner  if  he  wish  to  work  the  {jiJJ^Ue 
'"^iiie  must  pay  to  the  commissioner  enough  to  make  up  a  sum  of  $2  per  acre ;  metals. 
uid.  in  the  case  of  discovery  of  any  of  the  base  metals  he  may  aajuire  the  same 
'^Ht  upon  payment  of  enough  to  make  up  $1  per  acre.     If  on  lands  purchased 
ipr  the  purpose  of  mining  for  base  metals  the  owner  discovers  a  mine  of  gold  or 
"^^er,  he  may  work  such    mine   upon  payment   to   the  commissioner   over  and 
A^ve  the  price  already  paid  enough  to  make  up  a  sum  of  82  per  acre  ;  and  the 
^me  rule  applies  in  case  of  a  discovery  of  phosphate  of  lime  upon  lots  sold  since 
"^itih  9,  1^8.     But  the  lieutenant-governor  in  council  has  power  to  increase  the 
P^<^  per  acre  of  lands  found  to  contain  minerals,  beyond  the  foregoing  specified 
prices. 

3.  The  lieutenant-governor  in  council  may  claim  at  any  time  the  royalty  due  to 

^^    crown   upon  any   land  sold  or  otherwise  alienated  ;  and,  unless   the  rate  is  Royalties, 
^^^rwise  established  by  title  from  the  crown,  it  shall  be  2^  per  cent,  on  the  gross 
*^ount  of  gold   or  silver  and  fifty  cents  on  each  ton  of  phosphate  of  lime  in  its 
*^  state. 

4.  The  lieutenant-governor  may  by  order  in  council  erect  any  portion  of  the 
P'^vince  which  he  may  think  proper  into  a  mining  division,  and  enlarge,  diminish  rionll'^  ^*^* 
^^  ^l>olish  it  as  he  sees  fit. 

5.  All  lands  supposed  to  contain  minerals  or  ores  in  the  province   may  be 
'Quired  from  the  commissioner  by  sale  and  patent  as  a  mining  location,  or  be  occu- 

J*^^  and  worked  as  a  mining  claim  under  a  license.     Mining  rights  under  the  soil  uons  anlT* 

D^lonffiiig  to  the  crown  may  be  acquired  from  the  commissioner  by  sale  or  lease,  mining  claims. 

or  by  ucense  or  permit  of  occupation,  by  the  proprietor  of  the  toil,  who  has  a 

^'^erential  right  to  purchase  of  the  mining  rights  ;  and  in  the  event  of  the  pro- 

?^etor  of  the  soil  refusing  or  neglecting  to  work  the  mines,  any  miner  may  acquire 

t^  rights  after  putting  the  proprietor  in  default  and   paying  upon  mutual  agree- 

SQent  or  the  award  of  arbitrators  all  the  damages   and  losses  which  he  may  cause  in 

mining  under  the  soiL     The  price  of  the  sale,  the  amount  of  the  lease  and  the  fee 
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in  eoonciL  as  well  js  tlie  f*>nB  c^  exient  oc  ibtt  us/io'zrK^QMl  »t?»^-^ 

Uikder  a  written  pel  iiiMiiim  to  that  e&ct  from  tike  C:fiiLmi9BSQff!ier  ajsj  pcracfi  maj 

pn^cpect  for  minerak  or  ores  opon  pobiie  lazids  noc  sirendr  €XLtag.*ed  as  tmng 

cisums  or  <>thervi9e :  bat  the  pemn  obcamin^  socii  a  fteraumatovk  as  re»}sired  to 

seeomponj  his  spplkatiioii  vith  s  fee  <H  ^  ta  gire  an.  eucs  descrrpci^Dn  <:•€  tke  kc 

reqoired.  and  tf>  famish  so^cient  stcurisj  fcr  Itjcaes   or  ^^— ^j**-   which  ht  msT 

came  to  the  owner  of  the  soil  in  mskf^z  searches  :  and  he  is  re*iTsired  to  sBske  a 

report  of  hk  operadons  whhin  ocke  monch  after  tike  etpxrack>a  o£  h^s  pcrmjaeiaKL, 

fk  No  sales  *A  mining  locatioiis  containing  an  area  of  a»L>re  than  4CO  acres  can 
be  male  to  tike  saizje  pexsi^n.  excepting  that  upon  scci^Sciaxt  pfr:<of  of  his  fmrctnl  and 
resoQT^et}  tiie  lieateoiUit-g»>renkQr  in  o^cncQ  Eoaj  gran*  a  jiKasaon  doc  Co  exceed 
^Pf  acres.  Mining  Locations  are  dirided  in:o  tiir&e  classes^  tbioae  o£  tiie  fins  con- 
taining 400  acres  a2  chains  m  wi»itiu  those  oi  the  siccood  d»  acre^  SS  ^■**'*"»*  in 
width,  and  tlicse  of  tiie  third  lOO  acres  13  ciiains  in  widrh.  In  ansarTered 
territofy  the  locatioiKS  are  ret'^oired  to  be  snrrejed  br  a  p'¥>2^TinciaI  laorii  sttr*e>ot 
acting  under  the  instroetioDs  of  the  depi^rtment  of  cr^wn  lazios.  and  s:i.qss  be  cc^t- 
nected  with  »>me  knc^wn  point  in  previoos  sorrejK  and  soch  «zrreTS  .Kre-  required 
to  he  made  at  the  ojst  oi  the  appixants  and  tiie  |4an  and  di^d-noces  fcmtsked  to 
tiie  department  along  with  the  appiicaiion  tc»  pordiaaeL 

7.  Pimdiasers  are  repaired  to  pay  cash  f*^r  kcat^i-os  at  the  rate  of  ^  p^r  acre 
U  for  tiie  working  of  gol*i«  silver  or  pfakospiiate  mines,  and  ^1  per  acre  if  f or^iie  mining 
of  baser  metais  ;  but  n«>  lands  are  so  sold  nnkas  there  be  real  indicat»3€fcs  of  the 
presence  of  minerals,  proof  of  which  most  be  sihown  by  sp-e^anheikS  ^[Kixsd  iqKm  or 
in  tiia  lands  and  affidaiits  of  oompetent  and  credible  p^xsons  ettablishii^  tint  the 
specimens  came  therefrom.  All  trees  of  pine  t*r  sprcce  twelre  fnfhes  and  npwaids 
in  diankec^-  on  lazkds  sold  as  mining  locations  are  res^rred  to  tlie  crovn,  bat  tlie 
owners  of  locations  hare  the  risht  to  take  for  tiieir  own  use  such  trees  as  they 
maj  require  for  tiieir  operations.  The  patent  for  a  kxatioa  sold  as  citliergold 
or  silrer  mrnm^  land  is  granted  only  after  prx:«L>f  has  been  giren  to  the  sat^tsction 
of  the  MPinmiMi'ini  r  tint  minir^  haa  been  commenced  in  good  faith,  ander  liiyMW*, 
and  a  som  of  not  less  than  1200  has  been  expended  by  the  pnrrhasrr  <4  tits  loca- 
tion ;  and  if  soch  mining  works  have  not  been  commenced  and  ^SOO  caqpended 
after  two  consecntire  yean,  the  land  may  be  confiscated  by  the  mnniiiaiiiSM  i  and 
a^ain  sold  to  any  odier  person.  In  a  mining  diiision  eT«xy  miner  is  ze4iured  to 
obtain  from  the  inspector  a  license,  at  a  fee  of  f 2  for  every  tiiree  montha^ 

8.  An  officers  of  mining  dirisiofis  are  under  tiie  general  control  of  tiie  eommis- 
siooer,  including  inspecton  and  policemen,  and  erexy  inspector  or  other  oAoer  who 
receiTes  public  moneys  is  acooantai>le  to  the  commisBioner  tlieref or. 

9.  Licenses  to  work  mines  are  granted  by  the  inspector  of  each  wfcTuw^g  divi- 
sion, and  the  inspector  is  bound  to  keep  a  roister  of  lioHksees  and  a  deacxipcion 
of  mtnfng^  claims  taken,  which  is  opmi  to  the  inspection  of  any  one  npoo  payment 
of  a  fee  of  tw^ity  cents.  Ill  the  case  oi  mines  beyond  the  limits  of  minrog  divi- 
sions the  c»>mxnissioner  maj  grant  licenses  at  his  discretion. 

10.  The  inspector  or  other  officer  <^  a  mining  divisi^^Q  may  at  any  tune  enter 
opon  private  or  public  lands  that  are  being  mined  and  examine  tiie  works  apon 
them,  reqoiring  fn>m  the  prt>phetors  or  employes  all  the  facilities  and  assistance 
necessary  for  the  purpose :  but  no  inspector  can  either  directly  L*r  indirectly  take  any 
share  in  the  working  of  mines  in  the  divisicm  for  which  he  has  been  appointed  with- 
out reBdering  liimw>lf  liable  to  dismissal  from  office  and  to  a  6ne  not  exceeding  $400. 

U.  Every  person,  firm  or  company  is  prc^bited  from  mfning  for  gold  <m> 
silver  in  a  mfning  division,  either  upon  private  or  public  lands.  witlKHit  imiing 
previously  obtained  a  license  for  himself  (firm  or  company)  and  for  and  in  the 
name  of  every  person  employed  and  working  on  the  property  in  any  way  winterer  ; 
but  in  the  case  of  mining  locations  ao^uired  by  purchase  from  tlie  aown  tlie 
persons  working  them  are  required  to  take  out  only  <.»ne  license  for  every  mi»M»  i^  f2 
for  every  three  months  ;  and  any  person  who  contravenes  these  proriskwis  is  liable 
to  a  penalty. 

12.  LM^enses  to  mine  for  gold  and  silver  are  of  three  deBcnptaoiis«  til  :  (1) 
IVivate  lands'  gold  or  silver  license,  granted  upon  payment  of  a  fee  of  91  per 
month  for  each  miner  ;  (2)  Public  lands*  gold  or  silver  license,  granted  upon  pay- 
ment of  a  fee  of  $±  per  month  for  each  miner  :  and  (3)  Licenses  for  tlie  wnridi^ 
of  miriing  locations,  upon  payment  of  a  fee  of  $2  for  every  tiiree  »*AntiM  But 
the  lieutenant-governor  in  cooncil  may  require  the  payment  of  tiie  roywJij  in 
lieu  of  fees. 
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13.  In  the  case  of  mines  on  private   lands  the  owner  may  take  out  a  license 
•nd  mine  on  his  own  land  as  a  preferred  right,  providing  that  he  has  not  divested 

himself  of  his   mining  rights   in   favor  of  a  third  j)arty  ;    otherwise   any   person  juncs  on  pri- 
holding  a  private  lands'  goKl  or  silver  license  may  api>ly  to  the  owner  of  the  land  vatc  lands, 
by  petition,  representing  that  he  is  reiidy  to  j>ay  damages  arising  from   mining 
operations  to  be  as8esse<l  by  mutual  agreement ;    and   should  the  owner  decline  to 
«^»'l  himself  of  the  right  to  mine  the  proi)erty,  or  refuse  to  come  to  a  mutual 
onderstanding  with  the  petitiimer,  the  matter  can  be  decided  by  arbitration. 

14.  The  holder  of  a  license  to  mine  for  gold  or  silver  iijxjn  public  lands  has  public  lands' 
•  right  to  take  out  one  claim  in  a  mining  division,  nr  upon  unoccupied  public  lands,  license. 

by  staking  and  working  the  claim. 

15.  Tlie  size  of  a  claim  for  alluvial  mines  on  a  river  is  40  feet  front  by  80 
feet  deep,  from  the  water's  edge  ;    on  a  small  stream,  00  feet  front  ]>y   100  feet 

deep,  from  the  centre  of  the  streiim  ;  in  a  gully,  100  feet  along  the  gully  and  from  &i«es  of  smuvial 
hill  to  hill  ;  on  a  plain  surface  or  hill-side,   100  feet  s(|uare  ;  and  for  working  the  Jii'ims!* 
bed  of  a  river,  such  size  and  position  as  the  inspector  may  determine.     For  ([uartz 
mines  the  size  of  a  claim  for  <mc  person  is  150  feet  along  a  lead  by  *25  feet  on  each 
side,  measuring   fnmi   the   centre  ;    ami  for  companies  of  two  or  nK»re  persona, 
50  feet  additional  in  length  forever}'  additional  miner,    not  to  exceed  TOO  feet, 
*nd  they  may  wf>rk  the  chiim  jointly .     Claims  are  laid  out  as  far  as  possible  in 
•luadrilateral  and  rectangular  shape«<,   measurements  are  horizt)ntal,  and  the  land  J^dererround 
uicluded  in  each  claim  is  deemed  to  be  l)ounded  under  the  surface  by  lines  perpen-  ^' 

dicular  to  the  horizon. 

16.  Every  licensee,  after  stakirn^  out  a  claim  ujM>n  private  or  j)ublic  lands  or 
^c^luiring   a   mining  h»cation,    is   bound   to   give   a  written   notice  to  the  mining  Notice  of 
inspector  within  thirty  days,  indicating  where  the  claim  is  situated,  giving  a  com-  «t*kcd  claim 
iwete  description  of  it,   and  showing  how  and   when  it  was  staked  out;    and  no  t'hcTnspector! 
P®*'8on  can  occu[)y  at  the  same  time  more  than  one  claim  on  crown  lands  except  in 

the  cases  of  claims  rendered  temf'orarily  unworkable.     The  iliscoverer  of  a  new 

'"^e  is  entitled  to  a  free  license  for  twelvemonths  for  one  claim  of  the  largest 

y^a  ;  but  no  pers(m  is  considered  a  discoverer  of  a  new  mine  unless  the  phice  of  ^JJ***.^'  ^^' 

*"?oovery  if  U]>on   a   known  lead  is  at  least  three  miles  from  the  nearest  known  ^ 

JJin©  on  the  same  lead,  or  one  mile  at  right  angles  from  the  course  of  such  lead. 

«^ery  {>er8on  holding;;  a  license  is  lK)und  uj>on  renewing  it  to  n  ake  to  the  inspector  License  bolder 

^1^   the  dirisitm  a  full  and  true  statement  under  oath  of  the  work  performed  and  opi^S^^*^ 

'tte  gold  or  silver  obtained  by  him  during  the  tenn  of  the  exj>iring  license. 

17.  The  sale  or  exchange  of  intoxicating  li(juor  within  a  radius  of  seven  miles 

^^  fkny  mine  in  oi>eratirm  is  prohibitetl  unless  a  license  therefor  has  been  obtained  Liquor  licenses 
'fom  the  inspector  of  the  division  ;  and  the  inspector  al<me  may  refuse  or  grant '"  mining  divi- 
■Uch  licenses,  or  cancel  them,  within  a  ra<lius  of  seven  miles  of  a  mine. 

Various  other  provisions  of  the  act  refer  to  mill-owners,  the  mining  and 
^^^shing  of  ores,  penalties  for  contraventions  of  the  act,  regulations  respecting  other  prori- 
^^ning,  powers  and  offices  of  raining  inspectors,  etc.     The  commissioner  of  "°"''* 
^Own    lands   is   authorised   to    procure   geological     explorations   or  other  Geoio^ncai 
"^^Tches  of  the  country  in  order  to  ascertain  what  lands  contain  ores  or  ami  survey* 
^'^luable  deposits,  and  to  make  surveys  of  the  limits  of  mining  locations.  SivSil^ 
^^  may  also  reserve  from  sale  for  colonisation  purposes  lands  in  which  the 
®^i«teQce  of  mines  which  may  be  worked   has  Ijeen  established,  and  may  uilluby  pubUc^ 
^^W  them  for  sale  from  time  to  time  by  public  auction  at  an  upset  price  of  *"^*"*°' 
*—   per  acre,  and  the  entire  price  is  payable  in  cash. 

N'OVA     SCOTIA. 

The  law  of  Nova  Scotia  relating  to  mines  and  minerals  was  consolidated 

^   1884,  but  has  since  been  amended  in  some  particulars  ;  it  consists  of  138 

•lotions.     The  regulations  of  mines  are  also  statutory,  and  follow  very  closely  u5Po'iw°*^  "*^ 

^^Q  British  regulations  of  1872.     The  administration  of  the  law  and  regula- 

^Ons  is  entrusted  to  a  commissioner  of  mines,  whose  office  hours  extend  from 

^0  in  the  forenoon  to  4  in  the  afternoon  (but  closing  at  1  p.m.  Saturday),  and 

^I  applications  made  at  other  times  than  within  those  hours  are  void.     The 
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commissioiier  is  aLso  assisted  by  a  deputy  and  an  inspector, — ^the  latter  being 
required  to  possess  the  qualifications  of  a  competent,  scientific  practical  min- 
ing engineer,  whose  duty  is  to  visit  and  inspect  the  various  mines  belonging 
to  or  under  lease  from  the  crown  and  report  on  their  working,  means  pro- 
vided for  their  safety,  payment  of  rents  and  royalties,  etc. 

As  regards  gold  and  gold  and  silver  mines,  the  act  provides  : 

L  Upon  the  discovery  of  such  metals  or  ores  in  any  locality,  the  governor  in 
council  may  declare  the  locality  to  be  a  gold  district,  fixing  its  limits ;  and  the 
commissioner  is  required  to  keep  in  his  office  books  of  record  for  all  districts  or 
places  in  which  applications  for  leases  aud  prospectinjj  licenses  are  entered,  together 
with  plans  of  districts  on  which  all  areas  applied  for  are  designated  by  numbers. 

2.  Quartz  mines  are  laid  off  in  rectangular  areas  of  150  feet  lengthwise  of  the 
general  course  of  the  strata  by  250  feet  across,  each  area  bounded  by  lines  vertical 
with  the  horizon  ;  and  alluvial  mines  which  may  be  under  lease  are  required  to  he 
laid  out  on  the  same  plan  when  surrendered  to  the  crown,  and  subject  to  the  same 
rents  and  royalties  as  quartz  mines. 

3.  Applications  for  leases  of  areas  are  made  to  the  deputy  commissioners  of 
the  districts,  or  to  the  commissioner  where  there  are  no  deputies,  each  of  which 
must  define  in  writing  the  area  or  areas  applied  for  and  be  accompanied  by  a  pay- 
ment of  $2  for  each  area  ;  and  where  a  lease  is  granted  on  private  land  the  lessee 
is  required  before  making  entry  to  obtain  permission  from  the  owner,  either  hy 
terms  mutually  agreed  upon  or  by  arbitration  between  the  parties. 

4.  All  leases  are  for  a  term  of  twenty -one  years,  but  the  owner  may  surrender 
at  any  time  by  notice  ;  or  they  may  be  forfeited  on  failure  to  comply  with  the 
stipulations. 

5.  Each  lessee  is  required  to  put  on  every  area  comprised  in  the  premises 
covered  by  his  lease  the  equivalent  of  forty  days'  labor  each  year  ;  or  three-fourths 
of  the  days'  labor  per  area  in  the  first  year  if  the  number  of  areas  held  be  ten  or 
more  but  less  than  twenty  in  the  same  district ;  or  one-half  if  holding  twenty  or 
more  but  less  than  thirty  ;  or  one-fourth  if  holding  thirty  or  more.  The  total  of 
mining  areas  held  in  a  district  by  one  person  cannot  exceed  one  hundred,  and  the 
law  is  held  to  be  complied  with  in  the  case  of  a  person  who  expends  on  one  or  more 
areas  an  amount  of  labor  equal  to  what  is  required  to  be  performed  on  the  whole ; 
and  in  the  event  of  a  lessee  failing  to  expend  the  whole  of  the  labor  bo  required 
he  is  permitted  to  retain  areas  proportioned  to  the  labor  bestowed,  but  the  areas 
so  retained  must  be  as  far  as  possible  in  a  compact  block.  When  the  stated  labor 
has  been  employed  on  the  premises  for  a  period  of  ten  years  the  lease  is  not 
liable  to  forfeiture  for  non-compliance  with  this  requirement  during  the  remainder 
of  the  term. 

6.  Any  person  occapying  and  staking  off  areas  (not  exceeding  100)  outside  of 
a  proclaimed  gold  district  is  entitled  to  a  license  or  lease  in  preference  to  any  other 
applicant,  and  is  allowed  one  week  thereafter  for  making  his  application,  and 
twenty-four  hours  additional  time  for  every  fifteen  miles  distance  of  the  property 
from  the  office  of  the  commissioner. 

7.  The  commissioner  may  issue  prospecting  licenses  to  search  for  gold  and 
silver  on  territory  not  exceeding  one  hundred  areas,  to  remain  in  force  for  a  period 
not  exceeding  six  months,  at  a  fee  of  fifty  cents  per  area  up  to  ten,  and  of  twenty- 
five  cents  for  every  area  in  addition  ;  but  before  the  license  is  issued  the  applicant 
must  enter  into  a  bond  with  two  sureties  to  recompense  the  owner  of  the  soil  in 
the  event  of  entry  being  made  on  private  lands  for  damages  done,  to  make  returns 
at  the  expiration  of  the  license  and  to  pay  the  royalties.  Such  license  may  be 
renewed  for  a  second  period  of  six  months  upon  payment  of  half  the  fees  required 
at  the  previous  application,  and  ¥rithin  the  period  of  his  license  the  party  may 
select  areas  for  lease  ;  but  the  licensee  or  lessee  cannot  enter  upon  any  buildings, 
garden,  orchard  or  growing  crops  on  the  premises  except  with  the  consent  ofUie 
occupier  or  by  license  from  the  governor  in  council. 

8.  On  all  leases  of  gold  and  ^old  and  silver  mines  and  prospecting  licenses  to 
search  for  gold  and  silver  a  royalty  of  two  per  cent,  is  exacted  upon  the  gross 
amount  of  gold  and  silver  mined. 

Licenses  to  mill  owners  are  issued  under  terms  similar  to  the  piovisions 
of  the  Canada  Gold  Mining  act  of  1864  and  of  the  Ontario  act  of  1868, 
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-excepting  that  in  the  citse  of  ores  the  product  of  a  "free"  mine*  the  royalty 
is  paid  to  the  owners  instead  of  to  the  government.      Provisions  are  also  Forfeiture, 
made  for  the  forfeiture  of  gold  and  silver  areas,  and  against  unlawful  entry 
upon  crown  or  private  land  for  mining  purposes. 

Of  mines  other  than  gold  and  silver  the  act  provides  :  other  minerals. 

1.  The  commissioner  may  grant  for  one  year  licenses  to  search  upon  any  lands 

not  already  applied  for  and  to  dig  and  explore  for  such  minerals,  upon  a  bond  with  searchf  '° 
sufficient  sureties  being  given  that  in  the  event  of  entry  being  made  on  private 
lands  recompense  for  damages  will  be  made  ;  such  license  to  cover  any  sin<{le  tract 
of  ground  not  exceeding  five  square  miles  in  extent ;  the  application  to  be  accom- 
panied with  a  fee  of  $20,  and  the  land  to  be  surveyed  at  the  cost  of  the  applicant ; 
■and  the  license  may  be  renewed  for  a  second  period  of  one  year.  The  commis- 
sioner may  also  issue  licenses  to  search  for  second  rights  over  the  same  area  to  the 
number  of  not  more  than  one  for  each  square  mile  in  the   ract. 

2.  The  holder  of  a  license  may  a^'  any  time  before  its  expiration  select  from  License  to  work 
the  tract  an  area  of  one  square  mile   f«>r  the  purpo«»e  of  working  the  mines  and  *»*'•»• 
minerals  therein,  and  make  application  to  the  commissioner  for  a  license  to  work 

the  same,  accompanied  with  a  fee  of  ^50;  and  upon  the  survey  being  made  at  his 
cost  he  becomes  entitled  to  a  license  U)  work  the  property. 

3.  A  license  to  work  is  made  for  a  term  of  two  years,  which  may  be  extended  Conditions  of 
one  year  upim  payment  of  an  additional  $25,  and  the  holder  is  required  to  com-  procurlnir  a  lease 
mence  effective  operations  and  carry  them  on  in  good  faitli  to  the  end  of  the  term  ; 

and  upon  complying  with  the  conditions  of  the  license  the  holder  becomes  entitled 
to  a  lease  of  the  premises  on  or  before  the  termination  of  his  license. 

4.  Leases  are  made  f(3r  a  term  of  twenty  years,  and  are  renewable  for  a  period  Term  of  a  lease, 
to  extend  not  more  than  eighty  years  from  the  original  date ;  and  in  case  it  is  shown 

that,  by  reason  of  the  deficiency  of  mineral  or  other  causes,  an  area  of  one  square 
mile  is  insufficient  to  make  a  profitable  mine  the  governor  in  council  may  by 
special  order  grant  a  lease  for  a  second  area  of  one  square  mile. 

5.  The  owner,  agent  or  manager  of  every  mine  is  required  to  make  (juarterly  Returns  lo  be 
returns  to  the  commissioner  of  the  quantity  of  mineral  taken  out,  together  with  made  to  the 
its  probable  use  and  destination,  and  the  amount  of  royalty  accrued  upon  it ;  and  ®^™™ 

also  returns  specifying  the  number  of  persons  employed  in  the  mine  b^-low  and 
above  groimd,  the  different  classes  bo  employed,  and  the  cont  and  descripti(»n  of  all 
work*  carried  on  during  the  quarter,  such  returns  to  be  sworn  to  by  the  agent  or 
manager  and  one  or  more  principal  persons  employed  at  the  mine. 

6.  The  royalties  payable  on  ores  and  minerals  are  as  follows  :    Coal,  9.7  cents 
per  ton  of  2,240  lb.  ;  copper,  4  cents  per  unit,  that  is,  upon  every  one  per  cent. 

copper  in  each  ton  of  2,352  lb.   of  copper  ore  sold  or  smelted  ;  lead,  2  cents  per  Royalties  on  ores 
unit  in  each  ton  of  2,. 352  lb.  of  lead  ore  sold  or  smelted  ;  iron,  5  cents  on  every  *"^  minerals, 
ton  of  2,240  lb.  of  ore  sold  or  smelted  ;  and  on  tin  and  precious  stones,  5  per  cent, 
on  their  value. 

BBITISH     COLUMBIA. 

The  laws  of  British  Columbia  relating  to  gold  and  other  minerals  except- 
ing coal  were  consolidated  and  amended  in  1884,  and  they  were  again  amended 
in  some  particulars  in  1886,  1887  and  1888.     The  act  is  didided  into  eleven  The  mining  act 

of  1884 

parts,  relating  to  the  following  classes  of  subjects,  viz  :  (1)  Powers  of  gold 
commissioners  and  county  court  jurisdiction  in  mining  cases  and  appeals ;  (2) 
free  miners  and  their  privileges ;  (3)  registration  of  claims  and  free  miner's 
general  rights ;  (4)  nature  and  size  of  claims ;  (5)  bed  rock  flumes  ;  (6x 
drainage  of  mines ;  (7)  mining  partnerships  and  limited  liability ;  (8)  adminis. 
tration  of  the  mining  property  of  deceased  miners  ;  (9)  leases  ;  (10)  ditches  ; 


*  The  words  "  free  mine"  refer  to  only  one  trifling  matter.  Some  years  ago,  in  order  to 
•encourage  the  putting  up  of  quartz  mills,  it  was  provided  that  any  person  erecting  a  crusher 
in  a  locality  less  than  ten  miles  from  any  other  efficient  crusher  should  be  entitled  to  a  lease 
of  not  less  than  ten  mining  areas  free  from  royalty  for  21  years.  Under  that  provision  a  few 
cruhhen  were  erected  upon  conditions  which  entitled  the  owners  to  the  free  areas.  The 
provitfion  was  repealed  in  the  revision  of  the  statute  in  1884.  but  the  reference  to  free  mines 
nad  to  be  left  in  order  to  provide  for  the  few  areas  that  had  been  already  acquired. 
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deeadf;  all  emeu  tfomaa^  before  him,  sacfi  ^  grMBtiwg  lc»¥e  <if 

of  »erv  esu2U :  lajio^  aT«r  da»s  dnrioig  Aiaresij  of 
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wiilkcni  a  rca«,iiJU^«;  nimra  in  minerals  :  and 

vorks  :  and  in  all  mi^m^  disjaies  tne  jadge  is  net^cind  when  im 

the  qacsdK>n  al  XMse  op  -n  xht  ^xznd  in  dispoi^.  Ereiy  cjvntj  omizt  ntaj  ext-rase 

viUiin  itii  limitt  ali  the  junadjettun  oi  a  mTning  ooon  :  bcx  an  appeal  okaj  be  taken 

rn  an  J  minm^  cuae  U>  the  sapreme  oooit  of  the  proTinee. 

£.  Krerj  p  -tka  orer  r xteen  jean  of  age  is  entitled  to  hold  a  dai^  and  tmMj 
<>btain  a  fr«>e  xn:n-efr's  oertineate  for  one  c*r  thpee  Te&rs  opon  pavment  tberefor  of  $^ 
%  rear.  i*^^ziA4  br  tire  go^  <»inniiflBoiier  or  mmgng  lecorder.  During  i.Se  eootinii- 
ance  of  his  certiAcate  a  £r&&  miner  ham  the  ri^t  to  enter  ar.d  mine  npc«i  anj  waste 
lands  of  the  crcnm  not  lavf ullj  oecs^pied  by  anv  <AheT  pezvon  :  and  in  the  erent  of 
cnteriitz  upon  Ian  is  alreadv  occupied  for  other  than  mming  pnrpaser^  fni  l  compen* 
«aaon  U  n^ixMind.  to  be  made  to  the  oocapant  or  ovner  for  any  lass  or  damages  he 
maj  sustain.  Bat  do  one  can  be  reoogniseid  as  havine  any  r^it  or  inteiesBt  in  a 
dann,  or  in  ease  of  disputed  ovnenhip.  unless  he  is  at  ti^  time  c^  the  •ii^pn*^ 
ansinz  a  free  miner  :  neither  is  anj  penon  entitled  to  reo>rer  wage$  for  labor  per- 
formed as  a  miner  in  anj  claim  miieas  he  has  had  a  free  miner's  certincate  at  the 
time  of  performing  such  labor,  ererj  person  engaged  in  mining  for  minerala  other 
than  ocial  being  r&r|iiired  U»  take  out  a  free  miner's  certifica:e, 

3.  Erery  mining  daim  located  hj  a  free  miner  most  be  lecaorded  vitb  the  gold 
u»  oommianoner  or  mining  recorder  of  the  district  in  which  it  is  situated  within  three 

dajB  aft^!^  the  location  there*  i.  H  within  ten  miles  of  the  o£ce — an  additional  dxj 
hmg  allowed  for  every  additional  ten  miles.  Bat  in  the  case  of  anriferom  land  so 
fitOjOed  that  there  is  no  gold  commissioner  or  mining  recorder  in  the  locality,  it  is 
lawful  for  the  miners  to  hold  meetings  and  by  two- thirds  rote  make  roles  cooaiat^it 
with  the  a<:rt  for  their  go-:Ki  goremment,  and  aproxnt  one  of  their  number  to  issoe 
free  miner  s  certificates  and  enter  records  of  the  mining  property.  The  title  to 
claims  is  recognised  according  to  priority  of  their  registratioa.  subject  to  the  TaHdity 
*A  the  record,  and  transfers  of  claims  to  be  enforceable  most  be  in  writing.  The 
hooks  of  record  are  required  to  be  open  to  public  inspection  free  <A  chaise,  during 
reasonable  hours,  and  certified  extracts  fn>m  them  are  receivable  in  ani  court  aa 
evidence.  A  frcre  miner  may  hold  at  the  same  time  aoy  number  of  *'^*''"«  acquired 
by  purchase,  but  only  two  claims  by  pre-emption  in  the  same  locality,  subject  to 
the  laws  as  to  Tecf*rd  and  occupation,  and  he  may  selU  mortgage  or  dispose  of  the 
same  :  he  is  als^>  entitled  in  a<idition  to  hold  one  pre-emption  claim  on  each  hill, 
creek,  ravine  or  bench.  SaWng  as  to  claim?  held  in  fee  simple,  the  interest  of  a 
free  miner  in  his  claim  Is  deemed  to  be  a  chattel  interest,  equivalent  to  a  lease, 
renewable,  but  subject  to  conditions  of  forfeiture.  He  is  entitled  exdosivelr  to  all 
the  prr»ceed.s  realised  from  the  claim,  provided  that  it  is  faithfully  and  notcolorably 
woiked,  and  the  exclusive  right  of  entry  upon  it  exci'pt  as  authority  may  be 
given  by  the  gold  couimtsaioner  to  adjacent  claim-holders  for  the  working  of  their 
own  claims  upon  such  terms  as  to  him  may  seem  reasonable.  A.  claim  is  deemed 
to  be  abandoned  and  open  to  the  occupation  of  any  free  miner  when  it  has  remained 
un worked  for  seventv-two  hours  by  the  registered  holder,  unless  sickness  or  other 
reasonable  cause  can  be  shown,  and  every  forfeiture  is  absolute. 

4.  The  size  (*(  mineral  claims,  by  which  is  meant  claims  containing  any  mineral 
or  onaenJ    except  coil.  in  lodes  or  veins  or  rock  in  place,  is  1,500  feet  long  by  W)  feet  wide^ 

dsiiM,  aad rigtit  measured  horizontally  and  marked  by  three  posts  along  the  centre  line.  The 
to  follow  Tctnc  ij^^i^^^m  f,f  gQch  claims  have  the  exclusive  right  of  the  suxf ace  included  within  the 
lines  o^  their  locations,  and  a'l  th«^  veins,  lodes  and  ledges  throughout  their  entire 
depth  the  top  or  apex  of  which  lies  inside  the  surface  lines  extended  downward 
vertically,  although  they  may  5»o  far  depart  from  a  perpendicular  in  their  coarse 
downward  as  to  extend  outside  the  vertical  «uff -lines  of  the  surface  locations  ;  but 
the  right  of  possession  to  the  outside  parts  of  veins  is  confined  to  such  portions  as 
lie  between  the  vertical  planes  drawn  ''ownwards  through  the  end-lines  of  the 
locations  so  continued  in  their  own  direction  that  the  planes  will  interaect  the 
exterior  parts  of  the  veins — saving  that  the  owner  of  a  vein  which  extends  down- 
ward beyond  the  vertical  lines  of  his  claim  cannot  enter  upon  the  snrfaoe  of  soother's 
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Where  two  or  more  veins  cross  each  uther  priority  of  title  governs  a^  to  ore 
or  mineral  w  thin  the  space  of  intei section,  n«{ht  of  way  being  allowed  the  holder 
of  subsequent  locati  n  for  convenient  working  of  his  mine  through  the  space  of 
intiOTBect'On  ;  and  where  two  or  more  veins  unite  the  oldest  or  prior  location  takes 
the  ^ein  below  the  point  of  union,  including  all  the  s]iace  of  intersection. 

5.  No  free  miner  or  company  is  entitled  to  hold,  directly  or  in  the  name  of  any 
oth«?r  perskon,  more  than  one  claim  on  the  same  lode  or  vein  except  by  purchase,  o^wu  gnmm. 
b  ti  may  by  pre-emption  hold  a  claim  in  each  separate  ledge,  lode  or  vein.  The 
hol<ler  of  a  mineial  claim  may  obtain  a  crown  grant  therefor  by  filing  in  the  land 
office  of  the  district  an  application  showing  uuder  oath  tliat  a  vein  or  lode  has  been 
found  or  exists  within  the  limits  of  the  claim  of  which  the  applicant  is  in  undisturbed 
poeaession,  together  with  a  plat  and  lieM  notes  of  the  claim  made  by  a  surveyor 
acting  under  instructions  from  the  conunissioner  of  lands  and  works,  posting  a 
copy  of  the  plat  and  notice  of  application  for  a  grant  on  the  land  embraced  in  the  plat 
previous  to  filing  the  application,  and  filing  in  the  district  land  ottice  an  afiidavit  of 
at  least  two  persons  that  the  notice  has  ]>een  duly  posted,  together  with  a  copy  of 
^he  notice.  It  is  then  tlieduty  of  the  government  agent  of  the  district  to  cause  to 
be  published  at  the  cost  of  the  applicant  a  notice  of  the  application  for  sixty  days 
in  the  official  gazette  and  in  any  new.'^papor  in  the  district,  and  post  the  notice  in 
his  office  ;  and  if  the  applicant  file  with  the  agent  a  certificate  of  the  gold  commis- 
sioxier  of  the  district  that  a  sum  of  $500  has  been  expended  in  money  or  labor  upon 
the  claim,  and  at  the  end  of  the  sixty  days  an  affidavit  showing  that  the  plat  and 
notice  have  been  posted  in  a  conspicuous  place  on  tie  claim,  an4l  no  adverse  claim 
ia  tiled,  he  becomes  entitled  to  a  grant  from  the  crown.  The  grant  is  deemed  to 
transfer  the  rii^ht  to  all  minerals  excepting  coal  in  the  land  ;  but  the  land  is  snb- 
je<rt  to  an  annual  tax  of  one  dollar  per  acre,  unless  the  owner  can  show  to  the 
K^^ls'action  of  the  gold  commissioner  of  the  district  that  the  sum  of  3200  has  been 
ejcj^ended  thereon  in  labor  or  improvements  in  any  year,  in  which  case  the  tax  is 
not^  levied  for  such  year. 

The  other  provisions  of  this  act  relate  chiefly  to   alluvial   mining  and 
■fining  partnerships. 

OOMINIOX  OK   CANADA. 

No  measure  dealing  specially  with  mining  or  mineral  lands  has  l>een 
^^^acted  by  the  parliament  of  Canada ;  but  by  sections  47  and  48  of  the  The  i»(.iiiiiiio% 
L^c-»minion  Lands  act  it  is  declared  that  lands  containing  minerals  are  to  l>e  mining 
**^po8edo£  insach  manner  and  terms  as  are  provided  under  regulations  made  ^ 
^y  the  governor   in  coancil,   saving  that  no  grant  from  the  crown   can   be 
*^«med  to  convey  gold  or  silver  in  the  lands  unless  they  are  expressly  conveyed 
**^    the  grant.     The  regulations  at  present  in  force  were  adopted  October  5, 
*•  ^87,  and  relate  to  all  minerals  of  economic  value  except  coal.     The  following 
^^^xnmary  refers  to  such  of  them  as  are  applicable  to  Ontario  : 

_     1.  Any  person  mav  explore  vacant  lands  not  reserved  for  other  purp  ises  for  Land*  which 
f^J^^nerals,  but  no  location  can  be  granted  until  actual  discover}'  has  been   made  of  "»»>'  ^e  •'•c-^te-J. 
*^^  vein,  lode  or  dep<J8it  of  mineral  within  the  limits  claimed. 

2.  Except  for  iron  and  petroleum,  the  extent  of  a  location  on  veins  ur  ledges  hMcnt  of 
**^     rock  in  plase  cannot  exceed  1,500  feet  in  length  by  00<J   in  breadth,  the  surface  Soi  ati.  n-. 


nndaries  to  be  four  straight  lines,  and  the  boundaries  beneath  the  Hurface  to  be 
e  vertical  planes  in  which  its  surfa'^e  boundiiries  lie. 
3.  Any  person   having  discovered  a   mineral  deposit   may  obtain  a   mining  Huw  miiuiiif 
ion  therefor  by  stak'ng  or  ma'-king  off  the  ground  according  to  the  re;^ulation.s,  i<x-»tion9  maj 
d  within  sixty  days  filin:^  with  the  land  agent  in  the  district  a  declaration  under  ^  <>*»*»'"«•'• 

setting  forch  the  circumstances  of  the  discovery  and  describing  the  locality 
d  dimensions  of  the  location,  and  paying  to  the  agent  an  entry  fe^;  of  95.  The 
'^Sent*s  receipt  authorises  the  claimant  to  take  fKiHsession  of  and  work  the  lr>cation, 
J^bject  to  renewal  upon  payment  of  the  same  fee  from  year  to  year  f'»r  »he  term  of 
^e  years,  provided  that  during  each  year  he  shall  expend  at  least  $UiO  in  actual 
lain;  operitions  on  the  location  and  furnish  the  agent  a  full  statement  of 
^\)ch  expenditure   under  oath,   com^b^irated    by   two   reliable    and   disinterested 
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4.  Any  time  before  the  expiry  of  five  years  the  claimant  may  purchase  the 
location,  upon  proof  that  he  has  expended  not  less  than  ^500  in  actual  mining 
op.  rations  ;  tlie  price  for  a  location  to  be  85  per  acre,  cash. 

5.  In  addition  to  payment  of  the  price  of  the  location  the  claimant  is  required 
to  deposit  with  the  agent  $50  as  payment  to  the  government  for  survey  of  his 
location,  when,  upon  receipt  of  the  plans  and  field  notes  and  approval  ther>  of  by 
the  surveyor-general,  the  patent  shall  issue  ;  or  the  claimant  himself  may  procure 
a  survey  hy  a  duly  commissicmed  surveyor  if  on  account  of  its  remoteuess  the 
location  cannot  be  survoyt-d  by  the  government  for  950,  in  which  case  the  patent 
shall  issue  upon  receipt  of  the  plans  and  field  notes  and  the  claimant  is  entitled  to 
return  of  his  dei>osit.  Hut  failing  to  comply  with  any  of  the  conditions  of 
occupation  during  the  period  of  five  years,  the  right  of  the  claimant  shall  la|.se  and 
the  location  shall  revert  to  the  crown. 

G.  Where  ihc  s.ime  location  is  claimed  by  two  or  more  persons  the  right  to 
acquire  it  depends  on  priority  of  discovery  ;  but  a  person  making  a  subwequent  and 
independent  discovery,  and  complying  with  the  other  conditions  prescribed  in  the 
regulations,  takes  precedence  of  the  first  discoverer  if  the  latter  has  failed  to  comply 
with  the  condititms  ;  and  not  more  than  one  locati(m  can  be  granted  to  any  indi- 
vidual upon  the  same  lode  or  vein. 

7.  Where  land  is  used  for  milling  puriK>ses,  or  for  other  pur])oses  incidental  to 
mining  operations,  it  may  be  applied  for  and  |)atented  in  the  same  way  as  a  mining 
location  ;  but  it  cannot  exceed  five  acres  in  extent  and  must  be  paid  for  at  the  same 
rate  a-  a  mining  location. 

8.  TliH  minister  of  the  interi(»r  may  grant  a  location  for  mining  petroleum  or 
iron  not  exceeding  1(50  acres,  biing  a  square  ]>ounded  by  duo  north  and  south  and 
east  and  west  lines  ;  but  in  the  event  of  otluT  minerals  l)eing  found  upon  the 
property  the  claimant's  right  becomes  restricted  to  the  area  for  other  minends, 
the  re.'t  of  the  location  reverts  to  the  crown. 

9.  In  a  case  where  two  or  more  persons  apply  for  any  mining  location,  neither 
of  whom  is  the  orii:inal  discoverer,  tho  minister  of  the  interior,  if  he  sees  fit  to 
of  the  location,  will  either  invite  sheir  c(»mpttitive  tendeis  or  put  it  up  to  public 
auction  as  he  may  deem  expedient. 

10.  An  assignment  of  th*'  right  to  purchase  a  location  is  perm  ssible  upor 
compliance  with  certain  retfuiiements,  and  payment  to  the  land  agent  of  a  regis' 
tration  fee  oi  §2. 

1 1.  The  S'iperintondentof  mines  is  authorised  to  hear  and  determine  all  disputr- 
in  regard  to  mining  ])roperty  within  his  distiict,  subject  to  appeal  by  either  of  th* 
parties  to  the  couiruissionerof  Dominion  hui'ls. 

V2,  The  minister  of  the  interior  may  OHtablish  mining  districts  and  declare  thei 
boimdaries,  and,  when  fnun  the  report  of  the  director  of  the  Geological  Survey  o 
from  other  information  he  ha?  reason  to  heli  vo  that  there  are  mineral  deposits 
economic  wilue  in  such  d  stricts,  he  may  direct  locations  to  be  hiid  out  and  may 
them  for  cash,  either  ])rivately  to  a})plieatits  who  in  his  opinion  ar  •  able  and  intei 
in  g«>od  faith  to  work  the  locations,  or  by  public  auction  and  tender.     The  minist 
may  also  grant  to  any  person  holding  jind  actively  developing  a  1<  cation  a  s^co; 
one  of  e<iual  an»a,  ju-oviding  it  is  shown  tlat  the  vein  or  lode  being  developed 
probably  extend  outside  o^  either  of  the  vertical  pUnes  forming  ^he  side  boundaries 
the  first  lowition  before  it  h»s  reached  a  depth  »'t  which  it  cannot  bo  profitably  minec 

Ih.  Persons  desirous  of  o])taining  quarric'  for  8t»ne  on  vacant  lands  may  do 
under  the  regulations,  either  by  [)urchase  of  the  land  or  by  payment  of  a  royal 
not  exceeding  five  per  cent,  on  the  sales  of  the  ]»roduct. 

14.  The  minister   is  empowered    by  the  n-gulations  to  summarily  order 
mining  works  t(;  be  so  carried  on  as  not  to  endanger  the  safety  of  the  public,  or  in 
fere  with  any  public  work  or  liighway,  or  any  mining  propeity ;  and  h»»  may  o; 
any  abuidoned  works  to  be  either  filled  up  or  guarded  at  the  cost  of  thepartitsw 
may  have  constructed  the  same. 

In  addition  to  the  regulations,  provision  is  made  by  sections  28-31 

chapter  1C8,  R.  S.  C.  1886,  for  the  prt^vention  of  malicious  injury  to  inin< 

whether  by  setting  tire  to  the  premises,  filling  up  or  otherwise  damaging' 

mine  or  well,  or  pulling  down  or  obstructing  any  machinery  or  works  of 

mine ;  the  person  so  offending  being  guilty  of  a  felony,  and  liable  to  imprisa" 

ment  for  terms  not  exceeding  seven  to  fourteen  ye^rs  according  to  the  natnw 

of  the  offence. 
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UNITED     STATES. 

The  object  of  the  earliest  congressional  legislation  on  public  mineral 
lands  in  the  United  States  was  to  secure  a  revenue  therefrom,  and  to  this  Ewiy legiiUUo^, 
•nd,  as  appears  by  Oopp's  United  States  Mineral  L%nds,  the  system  of  leasing 
the  lead  and  coppt?r  mines  was  adopted  in  1807.  This  system  was  pronounced 
a  failure  after  a  trial  of  forty  years,  and  in  1846  the  mines  were  offered  for 
sale,  with  a  preference  right  in  those  who  had  leases  or  were  in  occupation. 
Since  1866  the  object  of  the  legislation  has  been  to  prevent  the  disposal  of 
mineral  lands  to  states  and  railroads,  or  in  large  quantities  to  individuals. 
Exploration  for  minerals  is  encouraged,  and  no  efforts  are  used  to  compel 
miners  to  expend  money  for  securing  government  title.  **  The  mining  law 
•f  May  10,  1872,"  says  Copp,  "is  essentially  the  poor  man's  law,  and  ^^  ^';*iJ*'*^,J^J?*°'* 
been  the  source  of  incalculable  wealth  to  the  country,  and  indirectly  of  vast 
value  to  the  government." 

By  a  congress  ordinance  of  1785  one-third'  part  of  all  gold,  silver,  lead 
and  copper  mines  was  reserved  to  be  sold  or  otherwise  disposed  of  as  congress  ger°eJ   '^ 
might  thereafter  direct,  which  ordinance  continued  in  force  until  1789. 

By  an  act  of  1807  the  leasing  of  lead  mines  for  a  period  not  exceeding 
five  years  was  authorised,  and  this  system  was  continued  until  1846.  In  J.?g®JjJ^"* 
nearly  all  the  pre-emption  acts  prior  to  1841  minerals  were  reserved,  but  the 
act  of  that  year  excluded  from  its  operation  all  lands  on  which  were  situated 
any  known  salines  or  mines.  The  acts  of  1846  and  1847  authorised  the  sale 
of  mineral  lands  in  several  of  the  states  and  territories,  thus  acknowledging 
the  failure  of  the  lease  system.  In  the  acts  relating  to  Odilifornia  special  care 
seems  to  have  been  taken  to  prevent  the  appropriation  of  mineral  lands  by 
settlers,  and  the  Donation  act  of  Oregon  excluded  such  lands  from  its 
operation. 

In  the  earlier  grants  to  aid  railways,  minerals  are  not  mentioned  in  terms, 
but  a  general  clause  was  inserted  excepting  all  lands  reserved  for  any  purpose  Grants  of  Uud%^ 
by  act  of  congress.  The  acts  of  1862  and  1864,  which  donated  nearly 
100,000,000  acres  to  railroad  corporations,  gave  the  coal  and  iron  lands  within 
their  limits,  but  excepted  other  mineral  lands  from  the  grants,  and  in  this 
form  such  lands  are  still  excluded  from  railroad  grants  in  the  mining  states 
and  territories. 

Digging  for  minerals  on  the  public  domain  prior  to  the  act  of  1866  was 
a  trespiASS,  entitling  the  government  to  damages,  and  was  such  a  waste  as  ^*^  exploration 
could  be  restrained  by  injunction.  But  by  this  act  the  mineral  lands  of  the 
United  States  were  thrown  open  to  exploration  and  occupation,  and  it  is  no 
longer  a  trespass  to  dig  ore  or  engage  in  mining  operations  on  the  public 
domain. 

The  act  of  1846  authorised  the  sale  of  mineral  lands  in  Illinois,  Arkansas, 
Wisconsin  and  Iowa,  but  still  excepted  the  lead  mines  from  pre-emption.  The  JJ^wrved^exoe  i 
reserved  mineral  lands  of  Missouri  had  been  offered  for  sale  a  short  time  '"  "P^ci** 
before,  and  those  of  Michigan  in  the  following  year.  In  1850  mineral  lands 
in  Michigan  were  disposed  of  in  the  same  way  as  agricultural  lands,  subject 
to  the  same  minimum  rights  of  pre-emption.  In  the  states  of  Missouri,  Kan- 
,  Minnesota,  Michigan  and  Wisconsin  there  is  an  express  direction  by  tho^ 


law  tliat.  all  lands  shall  he  sold  as  agricultural  lands,  hut  the  general  proriiion 
is  that  **  in  all  cases  lands  valuable  for  minerals  shall  be  reserved  from  ial6| 
pxcept  as  otherwise  expressly  directed  by  law." 
A«tof  law.  The  act  of  1866  provided  as  follows  : 

1.  Mineral  lands  of  the  pubMc  domain,  surveyed  and  unaurveyed,  are  declared 
pioiS'min-ri/*  ^'^  ^®  ^^^^  ^"^^  ^1*^"  ^^^  exploration  by  all  citizens  of  the  United  States  and  those 
Und4ofthc  who  have  declared  their  intention  to  become  citizens,  subject  to  regulations  pi e- 
publie  diimain.     scribed  by  law,  and  to  local  customs  or  rules  of  miners  in  the  district. 

2.  Whenever  any  pers  m  claims  a  vein  or  lode  of  quartz  or  other  rock  in  place 
Wlinjr  A  claim,     bearing  ijold,  silver,  cinnabar  or  copper,  having  previously  occupied  and  improved 

the  siinic  accoriini;  to  the  local  customs  or  ruicH,  and  having  cxpende  1  in  actual 
labor  anrl  improvements  upon  it  an  amount  of  n  »t  less  than  ^81,000,  and  in  regard 
to  whoso  [tosflCAsit'n  there  is  no  cimtroversy  or  opposing  claim,  be  miy  file  in  the 
local  land  ofhce  a  diigram  of  the  tntct  and  become  entitled  to  enter  the  tract  and 
receive  a  patent  thvrofor,  together  with  the  riicht  to  follow  such  vein  or  lode,  with 
its  dips,  angles  and  viiriatir>ns,  to  any  depth,  although  it  may  enter  the  land  adjoin- 
ing, which  Ian  I  adjoin-ng  shall  bo  sold  subject  to  this  condition. 

3.  Upon  the  tiling  of  the  diagram  and  posting  a  copy  in  a  conspicuous  placs  on 
conditions  of  the  claim,  with  notice  of  intention  to  apply  for  a  patent,  tho  register  of  the  land 
pJlenT"'            office  shall  publish  a  notice  thereof  in  a  newsi»aper  and  post  a  notice  in  his  office  for 

ninety  days,  after  which  if  no  adverse  claim  is  filed  it  shall  be  the  duty  of  the 
surveyor-general,  on  np])liciitiou  <..f  the  party,  to  survey  and  make  a  plat  of  the 
premises,  and  up«»n  f>ayinent  of  85  an  acre  with  cost  of  survey,  etc.,  and  evidence 
that  the  diagram  au<l  notice  have  been  })osterl  on  tho  claim  for  ninety  days,  the 
register  shall  transmit  to  the  general  land  office  the  plat,  suney  and  description, 
when  a  patent  shall  issue.  But  the  plat,  survey  and  description  shall  in  no  case 
cr>ver  more  than  one  vein  or  lode. 

4.  No  location  shall  exceed  200  feet  in  length  aUrng  the  vein  for  each  location, 
^■e  of  loraiiom.  with  o'jc  additional  claim  for  discovery  to  the  discoverer  c^f  the  lode,  with  the  right 

to  follow  the  vein  to  any  depth  and  with  a  rcasonai>le  quintity  of  surface  for  con- 
venient working  of  the  same  ;  but  no  person  may  make  more  than  one  location  on 
the  same  lode,  and  not  tnore  than  3.000  ieet  may  be  taken  in  one  claim  by  any 
association  of  persons. 

Sections  5  to   11    made   various  provisions  as  to  rights  acquired  with 

claims,  and  as  to  reserved  mineral  lands  occupied  for  agricultural  purpose!. 

Thr  .\.  r  of  i^T'i.  ^^^'  mining  laws  at  present  in  operation  are  based  on  the  act  of  1872, 

revised  and  consolidated  in  the  following  year.     Following  is  a  summary  o: 
their  provisions  : 
Mineral  iiiuin  \     Ij^kU  valuahle   for  minerals  are  reserved  from  sale,  except  aa  otherwi 

expressly  airectod  by  law. 

2    All  vahiaMo  mineral  do]»osits  in  surveyed  or  unsurveyod  lands  are  decl 

Oprn  to  oxplor     to  he  free  and  open  to  explnratioii  and  purchase,  and  the  lands  in  which  they 

flhai^bv  *"'^      found  to  occup«ti'»ii  and  purch.ise  by  citizens  of  the  United  Stitos  and  others  whi 
♦■ntizctH"  have  declared  their  intention  to  become  such,  under  regulations  prescribed  bylaw 

pnd  to  the  local  customs  or  i*ules  of  miners  in  the  sevenil  mining  districts  so  far 
these  are  applicable  and  not  inconsistent  with  the  laws  of  the  United  States. 

3.  .^  milling  claim  on  a  vein  orlude  of  ({uattz  or  other  rock  in  place  bean: 
Kxtent.»f  mininpr  '^mM,  silver,  cinn.il»ar,  leul,  tin,  c«»pper  or  other  valuable  deposits,  whether  loca 
^IviV?"  ^ *''"''    ^^y  ^*^^  '"^  more  persons,  may  not  exceed  a  length  of  l,.'iO0  feet  ahmg  the  vein  by 

bre;wUh  ranging  fr«»m  iJo  to  300  ft'et  on  each  side  of  ihe  middle  of  the  vein  at  thi 
surfacu,  the  end  lines  t')  be  ]>aralle:  to  each  other  ;  but  no  location  of  a  miuioj 
claim  can  be  made  until  the  disc«>very  of  the  vein  or  lode  within  its  liraita.* 

4.  Proof   of   citizensliip  in  the  case  of   an  individual  may  consist  of  hia  o 
Hro4>f  of  elti««?n-  '^^hdavit  ;  in  thv?  case  of  an  assocLati  m  of  persons  unincorporated,  of  the  affidavit 
4hlp.                   their  authorise  I  agent ;  aud  in  tlie  c  ise  of  a  corporation  orgatiisod  under  the  lawio; 

of  the  United  Stiites,  by  a  certified  copy  of  their  charter  or  certiticate  of  incorporation 


*  The  reirnlations  niado  under  the  act  ptato  that  the  obj*>ct  of  this  proviidon  "  iterid'oitl^ 
to  prevent  the  iippn>priation  of  presumed  mineral  (ground  for  8pecaUtiv«  purposes  to  th0 
exclusion  of  fiona  Hdf  proM|)ectors,  before  sufficient  work  has  been  done  to  determine  '  -•  - 
4  vein  or  lod#»  reallv  exihts." 
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&  So  long  as  fchey  <5omply  with  the  laws  and  regulations  locators  have  exduaive 
nRHt  of  possession  of  all  the  surface  included  within  the  lines  of  their  locations,  Locjfcati'ritht 
•"^^i  of  all  veins,  lodes  and  ledges  throughout  their  entire  depth,  the  top  or  apex  of  jJ^CJJJJjJ*^ 
^Hich  lies  inside  of  such  surface  lines  extended  downward  vertically,  although  such 
▼dixis  may  so  far  depart  from  a  ()erpend*cular  in  their  course  downward  as  to  extend 
o.^t^ide  the  vertical  »iV/«-lines  of  the  surface  locations,  provided  that  right  of  p<isseB- 
*^*  *xi  to  the  outside  parts  of  veins  are  confined  to  such  portions  as  lie  between  vt  rtical 
P'^nes  drawn  downward  through  the  fncZ-lines  of  the  locations  so  continued  in  their 
^^n  direction  tliat  the  planes  will  intersect  the  exterior  parts  of  the  veins  ;  but  the 
*^^o^tor  or  possessor  of  such  a  vein  or  lode  has  no  right  of  entry  upon  the  surface  of 
*  olaim  owned  or  |X)ssessed  by  another. 

6.  Where  a  tunnel  is  run  for  development  of  a  vein  or  for  discovery  of  mines, 
^e  owners  have  the  right  of  pi^ssession  of  all  veins  within  3,000  feet  from  the  face  RlghUof 
^  the  tunnel  on  the  line  there  'f.  not  previously  known  to  exist,  to  tho  same  exttnt  <*'*^"'»*'»- 
**  if  discovered  from  the  surface  ;  and  locations  «  u  tho  line  of  a  tunnel  of  veins  n<»t 
appearing  on  the  sur'aco,  made  by  other  parties  after  commencemeiit  c»f  the  tunnel, 

^^e  invalid  ;  but  failure  to  prosecute  work  on  tho  tunnel  for  six  months  is  to  be 
'Considered  as  an  abandonment  of  the  right  to  all  undiscovered  veins  on  the  lino  of 
^He  tunnel. 

7.  The  minei-s  of  each  district  may  make  rules  and  regulations  not  in  c<mtlict 

yrith.  the  laws  of  the  United  States  or  of  any  state  or  territory'  in  which  tho  district  ^^'f**'*"? 
it  situated,  governing  location,  manner  of  recording,  and  amount  of  work  nec(  ssaiy 
to  hold  a  mining  claim,  subject  to  specified  requirement-s,  viz  :  the  location  to  be 
distinctly  marked  on  tho  ground,  all  records  of  claims  to  contain  nnme.^  <»f  l<»CAtor», 
date  of  location  and  descrii>tion  to  identify  the  claim. 

8.  In  prc»ceoding  to  obtain  a  patent  for  land  claimed  and  located  for  vahiablo 
■deposits  any  party  who  has  complied    with  the  terms  of  the  act  may  file  in  tho  How  patent*  for 
pr*>per  land  oflice  application  fur  a  patent  under  oath  showin«jj  compliance,  with  a  JjJ,"ohilinJd* 
plat  and  field-notes  of  the  claim  ^howintr  its   boundari«^s,  post  a  copy  of  tho  plat 

lUid  notice  of  application  c*n  the  land  previous  to  filing  tho  application,  file  an 
^ffidarit  of  at;  least  two  persons  that  the  notice  has  been  duly  posted  and  file  a  copv 
of  the  notice  in  the  land  office  ;  and  the  register  is  thereupon  required  to  publish 
^  notice  of  the  application  for  sixty  days.  The  claimant  is  al<o  to  file  wiih  the 
register  a  certificate  of  the  United  States  surveyor-general  that  $500  worth  of  labor 
Has  l>een  expended  on  improvements  made  on  the  c'aim,  th«t  tho  plat  is  correct, 
«tc. ,  and  at  the  end  of  sixty  days  he  is  to  file  an  affidavit  that  copies  of  the  plat 
^n«l  notice  have  been  posted  during  the  period  of  publ  cation  ;  when,  if  no  adverse 
olaim  has  been  filed,  it  is  o  be  assumed  that  the  applicant  is  entitled  to  a  patent 
Upon  payment  of  85  per  acre. 

9.  The  next  section  deals  with  the  case  of  an  adverse  claim,  and  provides  that  Procewilngi  tn 
tJie  claim  must  be  filed  on  the  oath  of  the  person  making  it,  and  that  proceedings  jj*  ^ven.*"" 
t;«»  determine  the  questir»n  of  right  must  bo  taken  in  a  court  of  competent  jurisdiction  claim. 
^Hrithin  thirty  days  'f  filing  the  claim. 

10.  The  description  of  vein  or  lode  claims  upon  surveyed  lands  must  designate  Deiicripilon  nf 
^he  location  of  the  claim  with  reference  to  the  lines  of  the  public  surveys,  but  need  (^iaf!i,*i'      * 
T^ot   Conform  then»with  ;  but  where  a  patent  is  issued  upon  im-urveyed  lands  the 
Purveys  when  made  must  be  adjust  d  to  the  boundaries  of  the  patented   claim. 
^^rithout  interfering  with  or  changing  the  h)cation. 

11.  12,  13,  14,  15,  16  and  17  deal  with  claims  under  former  laws,   jind   with  Other  claim*. 
X>lacer  claims,  the  latter  of  which  are  limited  to  an  area  of  KiO  acres,  but  may  be 
^ub-divided  into  areas  of  10  acres. 

18.  The  expenses  oi  the  survey  of  vein  or  lode  claims  and  th«j  Hnr\'ey  and 
^ul>-di vision  of  pLicer  claims  into  smaller  quantities  than  ItJO  acres,  to^M-thcr  with  Burfy. 
^he  cost  of  publication  of  notices,  must  be  paid  by  the  applicants  ;  Jnit  they  are  at 
liberty  to  employ  any  United  States  deputy  surveyor  to  make  the  survey.     The 
murreyor-general  has  power  to  fix  the  maximum  charg*  s  for  sur\ey,  an  well  as  the 

newspaper  rates  for  pub'ication  of  notices  ;  an  1  a  sworn  statcnient  of  all  charges 
and  fee^  is  required  to  be  filed  by  the  applicant  with  the  re;rister,  to  be  transmitted 
with  all  other  papers  in  the  case  for  the  information  of  the  commisnioner  of  the 
general  land  office. 

19.  Where  two  or  more  veins  intersect    or  cross  each  other   priority  of  title 
goremSy  tho  prior  location  be*ng  entitled  to  all  ore  or  mineral  contained  within  the  Title  In  eroes  tr 
space  of  intersection,  but  with  right  of  way  to  th*'  subsetjui'nt  lr>cation  through  the  ""***^  ^"•• 

of  intersection  for  the  purpose   of  convenient   working  of   the  mine  :  and 
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where  two  or  more  veins  unite  the  oldest  or  prior  location  takes  the  vein  below  the 

point  of  union,  including  all  the  space  of  intersection, 
^fon-minarml  20.   Where  non-mineral  bind  not  contiguous  to  a  ve*n  is  used  by  the  propr'etor 

or*mim'n™^"^°*  ^^  *^®  ^^^^  ^^^  mining  or  milling  purposes  it  may  be  included  in  the  application  for 
puipo8Mf  ^^®  ^®i"  ^^^  patented  therewith,  but  s  »  as  not  to  exceed  five  acres,  at  $5  per  acre. 

Additional  ^'^l-  The  president  is  authorised  to  e3ta^>lish  additional  land  districts  and  appoint 

land  districta.      the  nect»8sary  officers  under  existing  laws,  whenever  this  is  deemod  necessaiy  for  the 

public  convenience. 

The  provisions  of  this  act  do  not  apply  to  the  miceral  lands  in  Michigan, 

oertaf^t^M  ^"  ^^^consin  and  Minnesota,  which  are  declared  free  and  open  to  exploration 

exoafyted.  and  purchase  according  to  legal  sab-divisions  ;  and  such  lands  are  required  to 

be  offered  for  public  sale  in  the  same  manner,  at  the  same  minimum  price  and 

under  the  same  rights  of  pre-emption  as  other  public  lands.'"' 

COLORA  DO. 

In  Colorado  the  length  of  a  lode  claim  cannot  exceed   1,500  foet  along 

««•  d  vain.  the  vein,  and  in  four  counties  specified  the  width  cannot  exceed  75  feet,  nor 
in  other  counties  150  feet  on  each  side  of  the  centre  ;  but  each  county  may 
at  a  general  election  determine  upon  a  width  not  exceeding  300  feet  on  each 
side  of  the  centre  of  the  vein  or  lode.  The  discoverer  is  required  to  record 
his  claim  in  the  otiice  of  the  recorder  of  the  county  in  which  it  is  situated 

R«^nt  within  three  months  from  the  date  of  discovery ;  but  before  filing  the  location 

certificate  he  must  locite  the  claim  by  sinking  a  discovery  shaft  upon  the  lode 

Diacorery  thafL  to  the  depth  of  at  least  ten  feet,  post  a  notice  of  the  discovery  upon  the 
claim  and  mark  its  boundaries  ;  and  no  location  certificate  may  claim  more 

Location.  than  one  location.     The  location  is  construed  to  include  all  lodes  and  ledges 

throughout  their  entire  depth  whose  top  or  apex  lies  inside  the  surhu»  lines 
extended  downward  vertically,  with  such  parts  as  dip  beyond  the  side  lines  of 
the  claim,  but  not  such  parts  as  extend  beyond   the  side  lines  in  any  other 

Right  of  va.T  manner  than  by  the  dip  of  the  lode  ;  and  every  miner  has  the  right  of  way 
across  all  other  locations  for  the  purpose  of  hauling  quartz  from  his  claim. 

DAKOTA. 

In  Dakota  the  length  of  a  lode  claim  may  not  exceed    1,500  feet   and 

Siaeof  eiaia.      the  width  is  fixed  at  150  feet  on  each  side  of  the  centre  of  the  vein  ;  bat  each 

county  may  by  a  majority  of  votes  cast  at  a  general  election  determine  the 

width,  ranging  from  25  to  300  feet  on  each  side  of  the  centre  of  the  vein. 

nait  be     The  dtscoverer  of  a  claim  must  record  his  claim  in  the  office  of  the  register  of 

deeds  of  the  county  within  twenty  days  from  the  date  of  discovery,  bat  befoie 

filing  the  location  certificate  he  must  locate  the  elaiui  by  sinking  a  discoTerj 

Dwuerarr  ahaft  ^haf  t  sufficient  to  show  a  well  defined  mineral  vein  or  lode,  post  a  notioe  of 

discovery  on  the  claim  and  mark  its  surface  bound  irie&     The  proriaions 

respecting  the  right  to  follow  a  vein  are  the  same  as  in  Colorado,  and  no 

location  certificate  can  claim  more  than  one  location,  whether  made  by  one  or 

ubofar-a  iMB.     several  locators.     Any  person  who  performs  labor  upon  a  mine,  at  the  request 

of  the  owners  of  the  property  or  their  agents,  or  who  furnishes  material  or 

apparatus  therefor,  acquires  a  lien  upon  the  property  to  secure  payment  of  his 

claim. 


*  An  ftct  of  1{^  alw  exdiides  fnxn  the  operatioa  ol  the  mining  lav  lands  in  the 
libsoon  and  Kaasao.  and  decUrea  t^iat  ail  lands  in  theac  fUtes  shall  he  sa^^-^  '- 
as  agrictiltiiral  lands. 
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MICHIGAN. 

The  property  in  all  mines  of  gold  and  silver  and  all  mines  of  other  metals 
or  xminerals  which  are  known  to  contain  gold  and  silver  in  any  proportion  was 
Tasked  in  the  people  of  the  state  of  Michigan  by  a  statute  of   184G,  but  this  and  silver  min«t. 


ri^lit  is  not  enforceable  against  any  citizen  of  the  state  in   whom  the  fee  of 

tlxe   soil  containing  any  such  minerals  is  fully  vested  by  purchase  from  or 

under  the  state  or  general  government.     All  primary  school  lands  and  lands 

located  by  the  state  for  internal  improvement  purposes,  known   to  contain 

n&ixies  or  minerals,   were  by  the  same  act  reserved  from  sale  pending  such 

regulations  as  the  legislature  might  prescribe,  and  a  tax  of  four  per  cent,  in  JJl^^JdfJSS^^J; 

lieu  of  all  other  state  taxes  was  authorised  to  be  imjtosed  and  collected  upon 

the  product  of  all  mines  in  the  state  excepting  iron  ores,  the  tax  upon  which 

w'cks  limited  to  two  per  cent.     By  a  subsequent  act  of  the  same  year  the  state 

land  office  was  authorised  to  lease  the  lands  reserved  as  above  in  quantities 

ttot  less  than  40  acres,  for  a  period  not  exceeding  three  years,  but  before  they  ?'**/**'iJi^  ^ 

could  be  leased  upon  private  application  they  had  first  to  be  exposed  to  lease 

&t  public  auction  to  the  highest  bidder.     The  lands  so  leased  were  subject  to 

^  irate  of  not  less  than  four  per  cent,  upon  the  average  yield  and  value  of  all 

oc^inerals  taken  from  the  lands,  and  such  further  annual  rent  in  advance  as 

^e  commissioner  was  able  to  obtain  for  them ;  but  the  lands  leased  under 

^hcse  provisions  were  not  subject  to  any  other  taxes.     By  an  act  of    1863  all 

amp  and  primary  school  lands  'n  the  upper  peninsula  withheld  from  market 

mineral  lands,  except  such  sections  as  the  governor  may  select  and  reserve, 

open  for  sale  in  the  same  manner  as  other  lands  of  the  same  class  in  the  P»®  **^  changed 

'^  to  sales  of  landa 

*^^te.     But  before  these  lands  are  offered  for  sale  the  governor  may  cause  an  *n  '•«  simple. 

^^amination  to  be  made  of  them  by  agents  appointed  for  the  purpose,  whose 

^^ty  it  is  to  appraise  each  tract,  and  upon  receiving  their  report  the  governor 

^^d  state  treasurer  fix  a  minimum  price  at  which  each   tract   may  be  sold, 

^hereupon  the  commissioner  of  the  land  ofiice  offers  the  land  at  public  sale. 

^^yery  corporation  or  association  engaged  in  mining  is  required  to  pay  a  tax 

seventy-five  cents  on  each  ton  of  copper  and  one  cent  on  each  ton  of  iron 

annually  in  lieu  of  all  other  state  taxes  except  taxes  on  capital  stock.    An  T»x»t4o». 

of    1877  provides  for  the  apt>ointment  of  a   commissioner  of  mineral 

for  the  state,  whose  duty  it  is  to  make  an  annual  report  setting  forth 

detail  the  mineral  statistics  of  the  year,  and  the  progress  and  development 

its  milling  industries.     It  is  also  his  duty  to  make  such  geological  surveys  Mininifsutistks 

are  needed  for  carrying  out  the  purposes  of  the  act,  to  observe  and  record 

f  maps  and  plans  especial  facts  which   may  be  developed  in  the  course  of 

ining  and  exploration,  and  to  make  a  collection  of  typical  suites  of  speci- 

ens  to  be  placed  at  the  dis()osal  of  the  state  board  of  education  for  distribu- 

^>ion  among  the  educational  institutions  of  the  state.      All  corporations  or 

^^idividoals  en>i[aged  in  mining  are  required  to  make  such  reports  under  oath 

^^  to  product  and  other  matters  as  the  commissioner  may  ask  for,  and  it  is 

^^  dnty  to  report  such  information  for  each  corporation  or  individual  to  the 

Auditor-general  as  the  basis  for  computing  the  sp>ecific  taxes  against  each 

^wner  or  owners  of  a  mining  property. 
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MONTANA. 

In  Montana  the  person  who  discovers  a  mining  claim  on  a  vein  or  lode  ii 
2d  liooide*?**  required  within  twenty  days  to  make  and  file  in  the  office  of  the  recorder  of 
the  county  a  written  statement  on  oath  describing  the  claim  as  provided  bj 
the  laws  of  the  United  States ;  and  to  entitle  him  to  so  record  he  must  have 
discovered  a  vein  or  crevice  of  quartz  or  ore  with  at  least  one  well-defined 
wall.  The  extent  of  a  claim  is  the  same  as  is  provided  in  the  United  States 
law. 


llliier«Is  f- 


MiBenas 


I  iaoorerani* 
•kemption. 


CboMnt  to 
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Uad  !■  nooM- 


NEVADA. 

In  Nevada  all  timber  and  mountainous  lands  granted  by  the  United 
States  to  the  state  are  sold  with  a  reservation  of  the  minerals ;  and  whenever 
any  minerals  may  be  discovered  on  such  lands  after  they  have  been  sold  and 
patented  the  state  has  the  right  to  convey  mining  ^claims  thereon  in  the  same 
manner  and  of  the  same  amount  in  any  one  claim  as  is  the  law  and  practice 
of  the  United  States ;  and  the  right,  of  way  over  such  timber  and  grazing 
lands,  being  reserved,  is  granted  to  the  purchaser  of  any  mining  claim. 

NEW     YOBK. 

In  New  York  all  mines  of  gold  and  silver,  aU  mines  of  other  metals 
discovered  upon  lands  owned  by  aliens  and  all  mines  owned  by  citizens  the 
ore  of  which  upon  an  average  contains  less  than  two  equal  third  parts  in 
value  of  copper,  tin,  iron  and  lead  or  any  of  those  metals,  are  the  property 
of  the  people  of  the  state  in  their  right  of  sovereignty ;  as  also  are  all  mines 
and  minerals  discovered  on  the  public  lands.  All  mines  other  than  of  gold 
and  silver  discovered  on  any  lands  owned  by  a  citizen  the  ore  of  which  con- 
tains on  an  average  two  equal  third  parts  or  more  in  value  of  copper,  tin, 
iron  and  lead,  or  any  of  those  metals,  belong  to  the  ownei  of  the  land. 
Every  person  making  a  discovery  of  a  mine  of  gold  or  silver  in  the  state  is 
exempted  from  paying  to  the  state  any  part  of  the  ore,  produce  or  profit  of 
the  mine  for  twenty-one  years,  bat  no  person  discovering  such  a  mine  is  per- 
mitted to  work  it  until  he  gives  notice  to  the  secretary  of  the  state  describing 
particularly  the  nature  and  situation  of  the  mine ;  and  after  the  expiration 
of  the  term  of  twenty-one  years  the  discoverer  or  his  legal  representatives 
shall  be  preferred  in  any  contract  for  the  working  of  the  mine.  No  person 
■can  enter  on  or  break  up  the  land  of  any  other  person  without  his  consent  in 
writing,  nor  upon  any  public  land  without  the  consent  of  the  commissioner 
of  the  land  office  ;  but  in  case  a  person  discovers  a  mine  and  forms  a  corpora- 
tion to  work  it,  if  consent  cannot  be  obtained  by  agreement,  or  by  reason  of 
legal  disability  of  the  owner  of  the  land,  proceedings  may  be  taken  by  the 
company  in  the  supreme  court  of  the  state,  when  the  court  may  appoint 
three  comissioners  to  enquire  into  the  matter,  fix  the  damages  and  report  to 
the  court  all  information  in  the  matter  as  directed,  when  in  the  discretion  of 
the  court  an  order  may  be  made  either  denying  the  petition  or  granting  it — 
in  the  latter  case  determining  the  quantity  of  land  necessary  for  working 
the  mine,  the  damages  to  the  property  by  taking  possession  of  it,  and  the 
annual  rent  or  compensation  to  be  paid  to  the  owner  or  occupant  so  long  as 
the  use  of  it  may  continue.  Thereupon  the  company  in  whose  favor  the 
order  is  made,  upon  payment  of  damages  and  entering  into  an  agreement|  to 
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hi  approved  by  the  court,  to  pay  the  annual  rent,  have  the  right  to  enter 
upoa  and  use  the  land  set  apart  by  the  order,  so  long  as  they  or  their 
asstg^nees  work  the  mine  and  pay  the  annual  compensation.  But  the  New 
Tork  statute  is  practically  a  dead  letter,  as  no  such  mines  as  those  referred  to 
exist  in  the  state. 

OREGON. 

In  Oregon  any  person  or  comjmny  of  persons  establishing  a  claim  on  a 
<)uartz  lead  for  the  purpose  of  mining  it  are  allowed  to  hold  the  land  or  vein,  sim  of  eiaia. 
with  all  its  dips,  spurs  and  angles,  for  the  distance  of   1,500  feet  in  length 
and  300  feet  in  width  on  each  side  of  the  lead  or  vein.     Any  person  may 
hold  one  claim  by  location  upon  each  iead  or  vein,  and  as  many  by  purchase 
«s  the  local  laws  of  the  miners  in  the  district  where  the  claims  are  located  saoond  oUi» 
may  allow ;  and  the  discoverer  of  a  new  lead  or  vein  not  previously  located  ditoorerer. 
Qpon  may  be  allowed  one  additional  claim  for  his  discovery.     Every  person 
after  establishing  a  claim  or  claims  is  required  to  do  $50  of  work  on  every 
claim  each  year,  under  penalty  of  forfeiture. 

SOUTH     CAROLINA. 

In  South  Carolina  royalty  is  collected  by  the  agricultural  bureau  of  the 
<tate,  authorised  by  the  state  law,  from  persons  or  companies  who  mine  or  RoyaUy  ob 
<ir*^ge  phosphate  under  any  law,  license  or  charter  of  the  state,  estimated 
^pon  the  crude  rock  ;  such  royalty  to  be  not  less  than  $1  per  ton,  nor  greater 
than  25  per  cent,  of  the  market  value  of  the  crude  phosphate. 

UTAH. 

In  Utah  any  citizen  of  the  United  States,  or  any  person  who  has  declared 
^ia  intention  to  become  a  citizen,  who   discovers   any   mineral  deposit   is  m^ht  of  di«- 
*>ititled  to  one  claim  thereon   by  right  of  discovery,  and  one  by  right  of  '^^•'^r- 
location  ;  but  no  person  is  entitled  to  more  than  one  claim  by  right  of  loca- 
tion on  any  one  lead  or  lode ;  and  any  person  who  performs  any   work  or 
^bor  on  a  mine,  or  furnishes  material  therefor,   under  contract   with    the  Mintr'siim. 
owner,  is  entitled  to  a  miner's  lien  upon  all  interest,  right  and  property  in 
the  mine. 

WISCONSIN. 

In  Wisconsin  certificates  of  sale  of  public  lands  do  not  bestow  the  right 
to  take  the  minerals  ;  the  written  consent  of  the  commissi(mer  of  public  Mineral*  rt- 
^Qds  must  be  obtained.     A  license  or  lease  mcule  to  a  miner  is  not  revocable 
^y  the  maker  after  a  valuable  discovery  has   been  struck  unless  the  miner 
•hould  forfeit  his  right  by  negligence  such  as  establishes  a  forfeiture  accord- 
***R  to  mining  usages.     The  discovery  of  a  crevice  or   range  containing  ores  LemMhoid«r's 
•^titles  the  discoverer  to  the  ores,  subject  to  the  rent  due  his  landlord,  before  ^^   ' 
*•  Well  as  after  the  ores  are  separated  from  the  freehold ;  but  the  miner  is  not 
^^titled  to  recover  any  ores  from  the  person  digging  on   his  range  in  good 
^th,  and  known  to  be  mining  thereon,  until  he  has  given  notice  of  his  claim. 
^^  case  of  conflicting  claims  to  a  crevice  or  range  bearing  ores  the  court  may  Conflioiiiiff 
^^tinue  any  action  to  enforce  a  claim,  or  grant  any  necessary  time  for  the 
purpose  of  allowing  parties  to  prove   up  their  mines,  and  may  appoint  a 
^^iver  under  whoii  directions  the  work  may  be  carried  on  and  pay  the  rent 
^  other  neoeasary  ezpt^naes ;  aod  the  usages  or  customs  among  miners  may 
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be  proved  in  explanation  of  mining  contracts  to  the  same  extent  as  usage 
may  be  proved  in  other  branches  of  business.  A  miner  who  conceals  or 
disposes  of  any  ores  for  the  purpose  of  defrauding  his  lessor  of  his  rent,  or 
who  neglects  to  pay  rent  on  ores  raised  by  him  for  three  days  after  claim  is 
made,  thereby  forfeits  all  right  to  his  mines  or  range ;  and  in  case  he  neglects 
to  work  his  mines  according  to  the  usages  of  miners  without  reasonable 
excuse,  he  also  forfeits  )iis  mines.  Every  person  or  corporation  engaged  ia 
mining  may,  when  necessary,  convey  water  over  or  through  the  land  of  any 
adjoining  owner,  and,  in  case  of  failure  to  agree  upon  the  damages  for  right 
to  so  conduct  the  water,  commissioners  may  be  appointed  to  appraise  the 
amount,  but  with  right  of  appeal  to  the  circuit  court  by  either  of  the  parties. 
Every  smelter  and  purchaser  of  ores  and  minerals  is  required  to  enter  in  a 
book  as  ores  or  minerals  are  received  a  record  showing  date  of  receipt 
name  of  person  from  whom  purchased,  name  of  person  by  whom  hauled  and 
delivered,  name  of  owner  of  the  land  from  whom  the  ore  was  obtained,  or,  if 
not  known,  some  distinct  description  of  the  land,  and  such  book  must  be 
open  to  all  persons  at  reasonable  times  for  inspection  and  taking  extracts; 
and  for  failure  to  keep  such  a  book  or  make  such  entries,  or  for  making  false 
entries,  or  refusal  of  permission  to  inspect  the  book  or  take  extracts  fron^ 
it,  the  person  offending  is  liable  to  a  penalty  of  $10  for  each  ofifence,  and  each 
day  of  such  failure  or  refusal  is  to  be  deemed  a  distinct  and  separate  offence. 

WYOMING. 

In  Wyoming  the  area  of  a  claim  is  limited  to  1,500  feet  along  the  lode 
or  vein  and  300  feet  on  each  side  of  it,  measured  from  the  centre  of  the  dis- 
covery shaft.  The  discoverer  of  a  lode  is  required  to  record  his  claim  in  the 
office  of  the  recorder  of  deeds  of  the  county  in  which  the  claim  is  situated 
within  three  months  from  the  date  of  discovery ;  but  before  filing  a  location 
certificate  he  is  required  to  designate  the  location  by  sinking  a  shaft  upon 
the  lode  or  fissure  to  a  depth  of  ten  feet,  to  post  a  notice  of  discovery  upon 
the  claim,  and  to  make  and  mark  the  surface  boundaries;  and  he  is  allowed 
a  period  of  ninety  days  from  the  date  of  discovering  the  vein  in  which  U> 
sink  a  shaft  thereon.  Any  person  who  defrauds,  cheats  or  swindles  another 
party  by  "salting"  or  placing  in  a  mine  any  genuine  metals  which  are 
designed  to  cheat  and  deceive  othei-s  for  the  purpose  of  gain,  whereby  others 
are  deceived  and  injured,  is  guilty  of  a  felony  and  liable  to  a  penalty  of  $50 
to  $5,000,  or  imprisonment  for  not  less  than  thirty  days  nor  more  than  three 
years,  or  to  fine  and  imprisonment  in  the  discretion  of  the  court.  The  lien 
laws  of  Wyoming  are  similar  to  those  of  Utah. 

In  most  of  the  states  aliens  are  privileged  to  hold  land  in  the  same 
manner  and  to  the  same  extent  as  citizens,  and  in  most  of  the  states  also 
the  amount  of  real  estate  which  corporations  may  hold  is  only  limited  by  the 
restriction  of  the  general  phrase,  **  as  much  as  miy  be  necessary  for  the 
carrying  on  of  their  business."  Michigan  allows  no  corporation  to  hold 
more  than  50,000  acres.  Maryland  restricts  the  amount  to  1,000  acres  in 
one  specified  county  and  500  acres  in  all  other  counties.  In  West  Virginia 
companies  established  to  mine  and  manufacture  lead,  iron  or  copper  ore  may 
bold  10,000  acres  for  each  charcoal  blast  furnace  and  S^OOO  acres  {or  ererjr 
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other  furnace.     Massachusetts  places  the  limit  at  three-fourths  of  the  capital 
stock  in  value. 

Where  the  capital  stock  of  mining  corporations  is  taxeil  reports  are 
required,  bat  in  many  states  fuller  details  are  required  for  the  benefit  of  R«port«. 
shareholders  and  the  public.  In  Connecticut  and  Massachusetts  a  company 
fuling  to  make  an  annual  report  for  two  consecutive  years  becomes  thereby 
dissolved.  In  New  Hampshire  a  full  report  must  be  made  to  the  town  clerk 
and  filed  with  the  secretary  of  the  state,  and  neglect  to  m&ke  such  a  state- 
aeiit  involves  the  directors  in  re8i>on8ibility  for  all  debts.  In  New  York  an 
annual  report  of  business  affairs  mast  be  published  in  a  newspaper  and  filed 
with  the  clerk  of  the  county  court,  failure  to  do  which  renders  the  trustees 
liable  for  all  debts  contracted  before  it  is  made.  In  Michigan  the  corpora- 
tions must  when  called  upon  by  the  commissioner  of  mineral  statistics 
report  the  number  of  gross  tons  of  cop[)er  and  iron  mined  and  shipped,  of 
mineral  .coal  produced  and  of  pig  iron  manufactured,  together  with  statistics 
of  production  of  all  other  minerals  or  ores. 

Laws  to  regulate  the  working  of  mines  and  provide  for  the  health  and 
safety  of  miners  have  been  enacted  in  almost  all  the  stutes  in  which  mining  RaguUtions  for 
operations  are  carried  on  ;    and  in  a  few  states,   as  Illinois,  Indiana,  Ohio,  nafoty  of  miners 
Pennsylvania  and  West  Virginia,  their  requirements  are  very  comprehensive. 

GREAT    BRITAIN    AND    IRELAND.  ^ 

In  England  the  owner  of  a  freehold  is  ordinarily  entitled  to  all  the 
minerals  underground,  except  gold  and  silver;  but  under  statute  law  the  ^^^JJ}**  •^^^•' 
ownership  of  minerals  may  be  severed  from  that  of  the  surface.*     Mines  of 
S^U  and  silver   belong  to   the   crown,  but  gold  and  silver  extracted  from 
^f^  of   the  base  metals  are  not  so  claimed.     A  statute  of  1688  provided  that 
^0  mine  of  copper,  tin,  iron  or  lead  in  Enc^land  and  Wales  should  thereafter  R*irht  of  private 
06  adjudged  or  taken  to  be  a  royal  mine,  although  gold  or  silver  n)i;{ht  be 
^keu  out  of  it;    and  by  an  amending  act  of  1694   the  right  of  private 
O'niership  was  further  enlarged  and  safeguarded.      "  All  and  every  person  or 
P^'^^ons,  being  subjects  of  the  crown  of  England,  bodies  politic  or  corporate, 
wt  BOW  are  or  hereafter  shall  be  owner  or  owners,  proprietor  or  propriet  )rs 
^&xxy  mine  or  mines  shall  and  may  hold  and  enjoy  the  said  mine 

^  Klines  and  ore,  and  continue  in  the  possession  thereof,  and  dig  and  work 
^^  Baid  mine  or  mines  or  ore,  notwithstanding  that  such  mine  or  mines  or  ore 
^^11  be  pretended  or  claimed  to  be  a  royal  mine  or  mines ;  any  law,  usage  or 
^^tom  to  the  contrary  notwithstanding."      But  the  same  act  gave  the  sove- 
*^8li  a  pre-emptive  claim  on  all  ores  mined   (except  tin  in  the  counties  of  euSm  oiI*oii» 
^^Von  and  Cornwall)  for  a  period  of  thirty  days  after  they  have  been  raised^  Jiverelirn*** 
^^  prices  fixed  in  the  act,t  and  in  default  of  payment  of  such  prices  *'  it  shall 
*^d  may  be  lawful  for  the  owners  and  proprietors  of  the  said  mine  or  mines 

*B7  section  19  of  the  act  of  1877,  UDfrnding  the  law  relatinff  to  l(*abe«  and  naleH  of  Mfttled 
^^>tate«,  it  v»  provided  that  **  (>n  any  sale  of  land  any  earth,  coal,  ntone  or  mineral  may  be 
Excepted,  and  aoy  rights  or  privileges  may  l^e  reiwrved,  and  th<'  piirchatM^r  may  1>«*  rei|iiire<i  to 
^Qter  into  any  covenants  or  surjinit  to  anv  reittrictionrt  which  the  court  may  d-  em  afJvisable.'' 

t  For  all  ore  washed,  made  clean  and  merchantable  the  following  rates  were  fixed  :  Co|). 
par,  £16  per  ion  :  tin,  40h.  per  ton  ;  iron,  -KM.  per  ton  ;  and  lead^  £U  per  ton  ;  but  by  an  act 
of  1815  the  pre-emption  price  of  lead  wait  made  i*i5  per  ton,  owmg  to  the  increaned  cost  of 
jBining  the  ore. 
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wlierein  such  ore  is  or  shall  be  found  to  sell  and  di^Mse  of  the  said  ore  to  his 
and  their  own  uses ;  anj  law,  statute  or  custom  to  the  ooo'rmry  noiwith- 
standing.^  And  that  act  is  still  a  law  in  England.  Local  rMStnM%  now 
regulated  by  acts  of  parliament,  are  obeerred  in  soTeral  districts^  as  in  Dorbj- 
shire,  the  Forest  of  Dean,  and  the  counties  of  Cornwall  and  Dt-Toa. 

The  working  of  mines  in  the  United  Kingdom  is  controlled  hj  ^we  ads  of 
parliament,  the  most  important  <^  which  is  the  British  Metalliferotts  Mines 
Regulation  Act,  1872.  Under  this  act  no  boj  under  twelve  jeaia  of  sgt 
and  no  girl  or  womsn  of  any  age  can  be  emplojed  in  a  mine  bdow  ground^ 
and  no  hoj  of  twelve  to  sixteen  jears  of  age  can  be  emplojed  belov  fsnnad 
for  more  than  fiftj-foor  hours  per  week  or  more  than  ten  hours  in  aaj  est 
day  ;  and  no  male  <^  less  than  eighteen  jears  of  age  can  be  emplojed  in  con- 
nection with  the  engines  or  other  machinerj  of  a  mine ;  nor  must  wages  be  psid 
to  anj  person  emfilojed  in  or  about  a  mine  at  or  within  a  public  house  for  the 
sale  of  spirituous  or  fermented  liquor,  or  at  anj  place  contiguous  to  sndi  house. 
Other  provisions  of  the  act  require  that  reports  be  furnished  tlie  inspector 
of  a  mining  district  in  relation  to  (I)  the  quantity  of  mineral  aold  or  pro- 
duced from  eadi  mine  and  the  number  of  persons  emplojed  at  it»  below  sad 
above  ground  respectivelj,  for  each  calendar  jear :  (2>  aocidenta  or  loss  of 
life  to  any  person  emplojed  about  a  mine  from  explosioos  of  gas,  powder  or 
steam  b<Hler,  or  from  anj  ctuse  whatever ;  and  (3)  the  commencements  ahsn- 
donment,  discontinuance  or  recommencement  of  work  on  a  shaft  of  anj  mine, 
or  of  change  in  the  name  of  owner,  agent  or  o£cerv  And  in  the  ease  of  s 
mine  being  abandoned  or  diEcontinued,  the  owner  or  other  peraon  inteiesJcd 
in  the  property  is  required  to  secure!  j  fence  it  for  tiie  prevention  of  accidents, 
and  to  furnish  the  secretarj  of  state  with  an  accurate  plan  <oi  the  workings 
The  act  also  pr:>vides  for  inspection,  arbitration  and  inquiries  into  the 
causes  of  accidents,  rules  for  the  management  of  mining  works  with  m  view 
to  the  safety  acd  health  of  employes,  and  penalties  for  oJTences  onder  the 
act.  An  amendment  of  IS75  requires  the  owner  or  agent  of  evexj  Bine  to 
send  to  the  inspector  of  the  district  bv  the  1st  of  February  in  each  jcar  s 
returi!  specifying  for  the  jear  ending  the  preceding  31st  EKecember  the  qusn- 
titj  in  statute  weight  oi  the  mineral  dressed,  of  the  undressed  mineral  which 
has  been  sold,  treated  or  used  during  the  year,  the  number  t^  persons  oriinarilj 
employed,  etc 

SEW     lEALASD. 

The  Xew  Zealand  mining  act  of  1 SS6,  as  amended  bj  the  three  ainend- 
ins  acts  of  1S-S7  an*!  ISSS.  consists  of  31S  sections,  an-i  the  r^grJadons  under 
the  act  number  257.*  Folio  wing  is  a  summary  of  the  chief  pf^visions  of 
theac^  : 


L  Anj  T^>rdoQ  oi  the  c»}oDy  m^v  be  <oBsti;m<d  a  xinin^  dismct  bj 
tioD  'X  :he  ^^.Tcraor.  wiih  *3ch  K>aaian*^  as  mav  be  as^i^ed  to  ii,~and  say 
mining  disJnct  mav  alio  be  abk.-Iishtd  bv  pcv^Iaznaxioo. 


*  Ab  act  lo  irralasv  dw  CTaBTasr  cf  eoal  mioi»  laww  aad  u> 

da&e  »=*-•*  anB»n>i  tfc*  law  fee  tbf  iac^rprrfctioQ  a»i  wraiiii^  ^p  cif  m: 
latter  exteoif  aai  apf^iw  oalx  ti?  ci?apasi««  f<«aDcd  :\-c  i 


287 


2.  Any  of  the  crown  lands  within  or  outside  a  m'ning  district  may  be  set  apart 
for  mining  purposes  exclusively  by  the  minister  of  mines  ;  and  upon  such  re-erve  ifin««i 
being  made  in  the  neighborhood  of  any  place  where  luining  operations  are  carried 
on  the  lands  cease  to  be  crown  lands  and  are  not  capable  of  alienation  in  aiiy  way, 
saving  fur  mining  purposes,  without  the  consent  of  the  minister. 

3.  The  officers  who,   under  the  minister,  manage  the  mining  affairs  of  the  OOeen. 
colony  are  (1)  a  receiver  of  gold  revenue,  to  whom  is  p  lid  all  rents,  royalties  and 

fees  iu  his  district;  (2)  a  mining  registrar  to  carry  out  the  provisions  of  the  act 
respecting  the  registration  of  any  cla  m  hold  under  the  pn> visions  of  th*)  act,  or  any 
sale,  lease,  surrender,  etc.,  of  a  claim  ;  (i3)  one  or  mure  inspectors,  whose  duty  it  is 
to  see  that  the  provisions  of  the  act  are  carried  out  and  to  ViSit  and  inspect  minea 
and  all  machinery  used  therein. 

4.  All  lands  alienated  from  the  croWn  since  1873,  or  which  may  hereafter  be  Lands  may  W 
alienated  (except  lands  alienated  expressly  fi»r  mining  purposes)  are  liable  to  be  '•►wmedby^ 
resumed  by  the  p;ovomment  for  mining  purposes  on  payment  of  full  compensation  mtn^parpoMi. 
to  the  licensee,  lessee  or  owner  of  the  fee  simple  for  the  value,  other  than  aurifer- 
ous or  argentiferous,  of  the  lands  and  improvements  so  resumed,  and  the  persons 

upon  whose  application  the  government  has  taken  action  have  for  thirty  days  after 
the  resumption  the  priority  of  claim  to  occupy  the  land  or  any  part  of  it  for  mining 
purposes.  Or  the  lands  may  be  resumed  by  direct  action  of  the  government  with- 
out petition  or  application. 

5.  Crown  lands  in  a  mining  district  may  be  at  any  time  withdrawn  from  the  Lands  in  a  min- 
district  by  proclamation  and  le  ised  for  agricultural  purposes  for  a  period  of  seven  l"^i^Jjl5^  "*^ 
years,  but  if  such  lands  are  afterwards  proven  to  contain  any  metal  or  mineral  the  a^ealtuimTpvr' 
lease  may  be  terminated  at  a  month's  notice,  compensation  for  improvements  being  potes. 
allowed. 

6.  Any  person  applying  for  it  and  paying  five  shillings  in  advance  may  obtain 

a  miner's  right  authorising  him  for  twelve  months  to  mine  on  crown  lands  in  any  Miner's  right., 
part  of  the  colony  not  subject  to  agreement  with  the  natives  ;  and  any  number  of 
miner's  rights  may  be  issued  to  the  same  person,  entitling  him  to  occupy  a  corre- 
sponding number  of  claims,  provided  that  in  respect  of  each  claim  at  least  one 
persoa  is  employed,  who  need  not  be  the  holder  of  the  miner's  right.  Similarly  a 
number  of  persons  may  unite  and  procure  a  consolidated  miners'  right,  which 
may  be  held  by  a  manager  or  trustee,  upon  payment  of  a  sum  proportional  for  all 
the  members  to  that  required  of  one  meaiber. 

7.  Every  holder  of  a  miner's  right  is  entitled  to  enter  upon  any  crown  land  to  PriYil«ff«  con- 
search  for  gold  and  take  possession  for  mining  purposes  of  as  many  parcels  of  land  '®r"^J,  \- 
as  the  regulations  permit,  and  of  such  quantity  and  dimensions  as  the  regulations  ™  °®  *  '^  ^* 
direct ;  and  he  is  entitled  to  exclusive  posses- ion  of  the  parcel  as  long  as  he  requires 

it  for  mining  purposes,  and  the  claim  may  be  registered. 

8.  Every  claim  from  and  after  the  day  it  has  been  marked  out  and  rep^istered  claims  moat  tea- 
must  be  continuously  worked  from  day  to  day  by  the  number  of  men  prescribed  by  worked. 

the  regulations  (saving  that  ten  days  grace  is  given  to  the  owner  of  a  quartz  claim), 
and  upon  failure  to  comply  with  this  requirement  proceedings  may  be  taken  by 
any  person  to  declare  the  claim  forfeited. 

9.  Claims  of  greater  area  than  the  regula^ons  fix  may  be  granted  by  the 

warden,  with  the  consent  of  the  minister,  for  the  purpose  of  carrying  on  mining  Special  elaina.. 
operations  under  circumstances  uf  extraordinary  difficulty,  o  •  involving  the  expen- 
diture of  considerable  sums  of  money,  or  for  the  encouragement  of  enterprise  in 
prospecting  new  ground,  or  as  a  reward  for  the  discovery  of  new  workings. 

10.  The  owner  of  a  claim  who  desires  to  obtain  a  license  for  the  land  comprised  J^<c«n»«d  hoi^ 
in  it,  or  any  other  person  who  desires  to  obtain  a  lie*  n?e  for  occupation  of  land  °*^* 
under  the  act,  must  lodge  an  application  at  the  warden's  office,  where  it  is  recorded 

in  the  order  in  which  it  is  receive  1,  and  deposit  with  the  receiver  of  revenue  such 
sum  for  survey,  etc.,  as  the  regulaticms  require,  and  a  further  sum  of  ^5  in  respect 
of  each  application  ;  and  after  deducting  the  first  ye  »r's  rent  and  the  cost  of  survey, 
adver^sini;  and  other  expenses,  the  ba'ance  of  the  deposit  is  j)aid  back.  The  warden 
will  fix  a  day  of  hearing,  and  may  gr  mt  or  refuse  a  license. 

11.  The  principal  conditions  upon  which  every  license  is  held  are  (1)  that  th»- 
licensee  must  pay  rent  at  the  ra^o  of  10s.  per  acre  during  the  firftt  three  years  of  the- 

term,  of  ISs.  for  the  succeeding  two  years,  and  of  20s.  for  the  remainder  of  the  Conditions aff 
term  ;  (2)  that  he  must  carry  on   mining  operations  in  an  efficient  manner  and  M*'*"***- 
employ  at  least  as  nuny  competent  men  as  the  re«^ulations  require  ;  and  (3)  that  he 
is  li  <b'e  to  pay  royalty  on  all  other  metals  or  minerals  which  may  be  found  in  the 
1  ind  other  than  such  as  he  is  authorised  to  mine  under  the  license.     The  licensee 
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may  at  any  time  surrender  Lis  license  in  whole  or  part,  and  upon  the  surrender 
being  endorsed  by  the  warden  the  rental  is  proportionately  reduced,  but  no  licensee 
is  entitled  to  make  a  surrender  in  part  more  than  twice  during  the  currency  of  his 
license. 

12.  Every  license  to  work  a  gold  mine  gives  the  licensee  exclusive  right  to  dig 
and  mine  for  gold  and  silver  on  the  land  for  a  time  not  exceeding  twenty-one  years, 
but  no  licensed  holding  under  one  license  can  exceed  such  area  as  may  be  prescribed. 

13.  The  governor  may  issue  a  prospecting  license  to  any  person  authorising 
him  to  search  for  any  metal  or  mineral  on  crown  lands  outside  the  limits  of  any 
mining  district  and  to  the  holder  of  such  a  license  who  makes  a  discovery  outside 
a  mining  district,  he  may  grant  a  lease  of  an  area  of  land  for  mining  purposes  not 
exceeding  double  the  quantity  which  might  be  held  as  a  claim  or  licensed  holding 
in  the  nearest  mining  district,  but  such  lease  cannot  be  for  a  longer  term  than 
twenty-one  years. 

14.  Any  person  who  knowingly  mines  or  employs  any  person  to  mine  for  gold 
on  land  belonging  to  a  private  indi\  idual  without  the  consent  of  the  owner  is 
treated  as  if  he  were  not  the  holder  of  a  miner's  right,  and  may,  in  addition,  be  pro- 
ceeded against  by  the  owner  for  damages. 

Other  provisions  of  the  act  relate  to  water  rights  and  races,  forfeitures, 
and  the  regulations  of  mines.  The  latter  are  very  stringent,  and  appear  to 
carefully  guard  the  rights  and  interests  of  mine-workers.  Ample  provision 
is  also  made  for  the  administration  of  justice  by  the  constitution  of  a 
warden's  court  in  each  mining  district.  The  amendment  act  of  1887  pro- 
vides that  the  warden  may  grant  mineral  licenses  to  occupy  any  crown 
lands  within  a  mining  district  for  the  purpose  of  mining  metals  or  minerals 
other  than  gold,  silver  and  coal,  subject  to  the  following  conditions  : 

1.  The  area  comprised  in  a  mineral  license  is  not  to  exceed  820  acres,  and  the 
term  for  which  it  is  granted  must  not  exceed  twenty-one  years. 

2.  The  rent  is  2s.  6d.  per  acre,  payable  in  advance. 

3.  The  royalty  on  all  minerals  raised  cannot  be  less  than  2  or  more  than  4  per 
cent,  of  their  value  at  the  pit's  mouth  ;  but  in  case  the  amount  of  royalty  exceeds 
the  sum  paid  as  rent,  the  rent  charge  ceases. 

4.  No  mineral  license  entitles  the  holder  to  mine  or  dig  for  gold  or  silver,  and 
if  either  of  those  metals  or  ore  containing  them  is  found  within  the  area  comprised 
in  the  license  the  land  on  which  gold  and  silver  are  found  must  be  taken  up 
as  a  licensed  holding  under  the  act. 

Under  the  regulations  the  area  of  ground  that  may  be  held  under  any 
license  for  gold  mining  purposes  cannot  exceed  thirty  acres,  and  may  be  in 
any  form  providing  the  length  does  not  exceed  twice  the  breadth.  The  size 
of  a  quartz  claim  is  limited  to  100  feet  in  length  along  the  course  of  the  vein 
by  300  feet  on  each  side  of  it,  and  under  this  rule  no  miner  or  party  of  miners 
can  hold  more  than  1,000  feet  along  the  course.  A  pro8i)ecting  claim 
may  be  double  an  ordinary  claim,  but  not  more  than  six  such  claims 
may  be  held  together  as  one  claim.  They  must  be  at  least  half  a  mile  dis- 
tant from  any  previously  existing  quartz  workings,  and  be  fully  occupied 
within  seven  days  from  the  date  of  the  grant.  A  prospecting  area  on  a 
quartz  reef  may  be  300  yards  square  in  extent,  and  situated  at  a  distance  of  not 
less  than  half  a  mile  from  any  existing  quartz  workings,  and  the  same  dis- 
tance from  any  other  prospecting  area  ;  they  must  be  worked  continuously  by 
at  least  two  men  during  the  entire  period  of  occupancy  ;  and  the  right  to 
occupy  only  continues  in  force  until  gold  is  struck,  when  claims  most  be 
marked  out  under  the  regular  provisions  of  the  act. 

Other  regulations  provide  for  aid  towards  prospecting  being  granted  by 
the  council  of  any  county  and  the  government,  or  by  a  road  board  where  the 
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Oounties  act  is  not  in  force — the  eovemment  firantinff  pound  for  pound  up  to  Government  and 

.  ^1  munldp*!  grant* 

JB500  a  year  in  the  case  of  county  councils  and  to  £200  in  the  case  of  road  to  imMpeotora 
t)oara&     Under  this  arrangement  one  party  of  two  or  three  men  m  each  nding 
of  a  county  may  be  subsidised  at  the  rate  of  15&.  per  week  per  man  for  pros- 
pecting new  and  unprospected  country  three  miles  from  any  main  or  district 
Toad  and  from  any  known  workings ;  and  in  the  case  Of  partially  worked 
mnd  prospected  countiy  within  tolerably  easy  access  of  road  communication 
they  may  be   paid  at  specified  rates  per  foot  for  sinking,   tunnelling  and 
<lriving.     But  in  both  cases  the  approval  of  the  council  is  required  before 
operations  are  commenced,  both  as  regards  the  men  and  the  locality,  and  each 
-prospecting  party  is  required  to  send  a  report  once  every  month  to  the  council. 
Similarly  the  government  grants  a  subsidy  of  pound  for  pound  to  councils  or 
boards  for  the  purpose  of  rewarding  the  discovery  of  mines  of  gold,  silver,  tin 
«nd  diamonds;  being  a  reward  of  .£100  per  100  miners  up  to  J&500  for  500 
or  more  men  profitably  employed  at  such  mines. 

NRW    SOUTH    WALES. 

All  grants  of  land  issued  under  authority  of  the  Crown  Lands  act  of  1884 
in  New  South  Wales  contain  a  reservation  of  minerals  in  the  land  ;  but  if  Minerals 
any  mineral  is  discovered  subsequent  to  the  grant,  and  the  owner  desires  to  rJJIJJn***  **^  **** 
mine  it,  he  may  do  so  upon  receiving  a  permit  from  the  government,  subject 
to  the  payment  of  a  royalty.  The  regulations  require  that  he  shall  make  a 
fetum  quarterly  to  the  secretary  of  mines  of  the  quantity  and  value  of 
minerals  raised,  verified  by  a  statutory  declaration,  and  pay  a  royalty  at  the 
following  rates,  viz,,  coal  6d.  per  ton,  gold  2s.  per  oz.,  and  other  minerals  £5 
per  centum  of  their  market  value  at  the  pit-mouth.  Lands  in  proclaimed  gold 
^elds  within  areas  reserved  from  sale  and  lands  under  lease  or  lawful  occupa 
tion  for  mining  purposes  are  exempt  from  sale  under  the  act ;  but  the 
■Crowns  Land  act  does  not  in  any  other  respect  affect  the  right  of  property 
held  in  lands  under  the  Mining  act  The  Mining  act  has  been  in  operation 
-since  1874,  saving  in  so  far  as  it  has  been  changed  in  some  unimportant  M'">nf«<^''' 
particulars  by  four  amending  acts.  Previously  all  powers  and  duties  in 
relation  to  mining  on  crown  lands  were  vested  in  the  department  of  the 
secretary  for  lands,  but  the  Mining  act  authorised  the  government  to 
establish  a  department  of  mines  and  to  appoint  a  responsible  minister 
with  the  title  of  Secretary  of  Mines  who  should  have  the  management 
and  control  of  the  department.  The  act  consists  of  131  sections,  which 
deal  with  (1)  management  and  regulation,  (2)  administration  of  justice  and 
(3)  penalties.     Following  is  a  summary  of  the  chief  provisions  of  the  act: 

L  The  governor  is  authori»eil  Ut  enubJihh  in  connection  with  the  department 
a  school  of  mines  and  a  mineralf>ifical  muaeum  for  the  purfx^se  of  providing  instruc-  g^^^^  ,^  ma^ 
tion  by  means  of  classes,  lectures  or  otherwise  in  v^^Atfiij,  Miineral*>gy  and  cherniatry  an4  MoMun. 
in  their  scientific  and  practical  application  Uj  minin;/  pursuits,  U^gether  with  offices 
for  the  assaying  of  mineral  ores,  the  sch^^^l  and  inuseuiu  U>  \h£  uuder  the  vjmiroX  and 
management  of  the  department :  or  if  thought  fit  they  may  ^ie  eHUblishe^J  in  con- 
nection with  the  university  of  Sydney,  in  which  cast*  they  are  to  l>e  under  the 
control  and  management  of  the  senate  of  the  university, 

2.  Eight  mining  districts  are  esUbJiAhe*!,  ea*:h  of  which  may  Ije  divided  hr  the  wi-.     ^i^ri-t* 
Governor  into  divisions,  and  the  governor  may  apj^jint  a  war  Jen  for  each  district  "*~*'^**"*** 
to  exercise  juriMlicti<^»n  over  it,  t/^^ether  with  r«:{dstrars,  sur>'eyoni,  en^dneers  an#l 
other  officers  for  the  elfideut  |>erf ormance  of  the  duties  <A  inspection,  surreyin;^  an/j 
19  fM.C.) 
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registration  of  claims  and  mines,  and  of  ail  other  duties  in  connection  with  mining 
aud  the  adiuiuistnition  of  the  act  ;  but  no  officer  so  appointed  is  ptrrmitted  to  hold, 
directly  or  indirectly,  any  share  or  interest  in  any  claim,  lease  or  mining  venture 
during  his  term  of  office. 

3.  The  g  vemor  may  issue  a  miner's  right  to  any  person  applying  for  one  for 
a  period  not  exceeding  fifteen  years  at  the  rate  of  lOs.  a  year  for  every  year  fca* 
which  the  right  is  to  be  in  force,  aud  everj'  holder  of  a  right  or  any  number  of 
persons  ci»llectiTeiy  each  being  the  holder  of  a  right)  is  entitl«ed  to  occupy  and  mine 
for  gold  any  cn.>wu  land  covered  by  his  right,  to  construct  water-races  and  dams  for 
mining  purposes  on  any  crown  lands  and  use  the  water  for  gold  mining  and  domestic 
purposes,  to  erect  and  remove  any  building  upon  and  remove  any  timber,  stone  or 
gravel  for  mining  or  building  purpi»ses  from  any  crown  lands  not  by  law  exempced 
from  occupation  for  mining  purposes,  to  make  tramways  and  other  roads  for  the 
carrying  out  of  all  gold  mining  operations,  and  to  the  absolute  property  in  all  gold 
found  during  the  continuance  of  the  right  ;  but  no  person  is  entitled  to  oceapy  for 
the  purpose  of  residence  more  than  one-quarter  of  an  acre  in  extent.  The  person 
who  takes  possession  of  a  claim  is  required  within  one  month  after  procurini;  a 
right  of  occupation  to  register  his  claim  in  the  office  of  the  registrar  of  the  mining 
district  in  which  the  claun  is  situated,  first  producing  his  right  to  the  registrar,  and 
whoever  neglects  to  register  his  right  is  subject  to  the  penalties  prescribed  for 
unauthorised  mining  and  his  claim  may  be  considered  as  an  abandoned  one  ;  and  no 
person  is  entitled  to  enter  proceedings  in  any  court  to  recover  pcosesaion  or  to 
restrain  the  occupation  of  or  encroachment  upon  a  daim  unless  he  is  the  holder  of 
a  mineis's  right.     Business  licenses  may  also  be  issued  under  similar  conditioDs. 

•I.  A  1  crown  lands  dedicated  to  any  public  use  or  which  are  used  as  a  yard,  garden, 
cultivated  field  or  orchard,  or  upon  which  aoy  house  or  dam  may  be  lawfully  stand- 
F^  ing,  or  which  may  be  reserved  from  occupation  by  the  governor,  are  exempted 
from  occupation  under  any  miner  s  right  or  business  license  ;  but  the  garenier 
may  upon  application  grant  the  privilege  to  holders  of  miners'  rights  to  ooostmct 
drives  under  lands  so  exempted  providing  they  can  be  constructed  without  JMJmrj 
to  the  enjoyment  of  the  lands. 

5.  The  registered  owner  of  a  claim  upon  proving  t*>  the  satisfactkMi  o£  the 
warden  by  evidence  on  oath  in  open  court  (I)  that  the  claim  is  unworkable  &om 
any  cause,  {t)  that  he  requires  to  be  absent  from  the  locality  for  sufficient  caaae  or 
is  unable  by  reason  of  sickness  to  work  the  cl\im.  or  (8)  thaX  the  supply  o£  water 
is  insufficient  to  allow  the  working  of  the  claim  to  be  profitably  earned  on*  may 
register  the  claim  tor  suspension  of  work  for  any  i>eriod  not  exceeding  six  ^^thi 

6.  A  lease  for  gold-mining  purposes  may  be  granted  to  any  holder  of  a  ustf 's 
right  for  a  term  not  exceeding  fifteen  years,  but  no  lease  may  embrace  iDOire  than 
25  acres,  the  length  of  which  shall  not  exceed  twice  the  breadth  :  except  in  case  of 
quartz- veics  or  iodes.  when  the  lands  leased  shall  not  exceed  six  hundred  yards 
along  the  lodt^  by  two  hundred  yards  acxvHS  it.  The  rent  of  a  lease  is  fixed  at  f<K 
per  acre  yearly,  payable  in  advance. 

7.  The  application  for  a  lease  is  held  by  the  warden  for  fourteen  days,  when  if  no 
objection  has  been  lodged  against  its  isue  it  is  forwarded  to  the  secretary  of 
mines  to  be  dealt  with  uuder  the  provisions  of  the  act.  But  should  any  person 
objtrct  to  the  issiie  oi  the  lease  t*>  the  applicant  he  must  within  the  prescribed  time 
serve  a  written  n«  tice  oi  everv  Mb^~ecti*>n  inten  'ed  to  be  taken  and  dercsst  a  sum 
for  the  purpose  oi  defraying  all  expenses  of  a  hearing,  which  shall  be  in  the  nature 
of  an  eQ*|uiry  by  the  warden  into  the  tnith  of  the  particulars  ssstied  by  the  a{^)li- 
cant  and  the  «>bjector :  and  the  matter  is  then  referred  for  the  deeisioo  of  the 
jjrovemv^r.  In  the  case  «^^  two  or  more  applications  being  lodged  at  the  same  time, 
the  daim  is  determined  bv  kt. 

S.  The  person  acquiring  a  lease  and  makin-j  the  first  payniect  therelor  may 
sake  possessi*>n  vi  the  land  so  s«xvn  as  he  has  mirked  out  the  boundaries  in  the 
manner  prescribed  by  the  regulatii^Ds.  In  case  the  land  is  iKt  surreyed  at  tifee  time 
of  k^dging  the  a(^>licari  n  fv  r  a  !«?a9e  by  some  person  authorise^t  by  the  aecretaiy  of 
mines  the  party  may  deliver  a  written  app  k^tk^  to  the  warden  for  a  surrey  of 
the  Laad.  and  it  no  surrey  is  made  at  the  end  of  three  months  the  lease  boidcr  may 
cause  a  survev  to  be  ni^le  bv  anv  Ikensed  surreTor. 

9.  Every  goki-mining  lease  is  requirv'd  to  be  registered  as  presczibed  lyr  the 
regulatiotis,  and  the  land  may  also  be  registered  for  sizsf>easioQ  of  week  tke  *same 
as  in  the  case  of  a  mine's  right  for  a  perkxl  not  exceeding  six  mon^a. 

10.  Leases  for  the  mining  of  any  metal  or  mineral  other  than  gold  ^mw  he 
granted  subject  to  the  following  conditioos  :  (1)  TW  anea  not  to  exceed  640 


ac» 
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for  coal-mining  lots  nor  SO  acres  for  i>ther  mineral  lots.     (2)  Leases  to  be  for  a  other  minenl 

periud  not  exceeding  twenty  years,  but  renewable.    (3)  Api>lications  to  bo  made,  !«*««. *o<i 

as  pre  scribed  by   the  regulations,  to  the  wartlen   if  the  Lind   be  within  a  niiniug  ^hich  they  arc 

district,  or  if  otherwise  to  the  laud  agent  of  the  district  or  other  odicor  authi>rised  by  »rrmnted. 

the  regulations,  and  to  set  forth  a  clear  d.scription  uf  the  lots  proposed  tu  be  leased 

aodof  the  boundary  marks  or  natural  features  by  which   they  may  be  ideiititied, 

vhen  the  applicants  m«y  forthwith   take    possession;  but  the  mini:«ter   of  lauds 

reserves  the  right  to  determine  the  boundaries  uf  all  lots  and  all  other  provisions 

henuiy  deem  necessary  for  the  public  interests.     (4)  Rent  is  lixed  at  Us.  per  acre, 

payable  annually  in  advance,     (o)  Lessees  are  rei[*iired  to  expend  at  the  nite  of  £5 

sterling  per  acre  on  their  lots  wi  hin  the  tirst  three  years  of  the  lease,  and  they  may 

determine   their  leases  by  giving   to  the   minister  three  months  notice  of  their 

desire  to  do  so.     (6)  Lessees  on  application' to    the   secretary  of   mines    iu  the 

nineteenth  year  of  their  leases  may  obtain  a  renewal  for  a  further  periml  of  twenty 

years,  subject  to  a  line  of  not  less  than  £2  10s.  i>er  acre  ;    and  full  infonuution  of 

the  working  and  returns  of  the  mine  are  retjuired  to  be  furnished  to  the  e^ecretary 

of  mines  by  lessees  on  pain  of  forfeiting  their  claim  to  renewal.'    (7)  If  any  lease  bo 

forfeitedand  not  renewed  the  lessee  has  the  right  within  six  months  of  the  termination 

of  his  lease  to  remove  or  otherwise  dispose  of  all  machinery  and  improvements  and  the 

minends  brought  to  the  surface  during  the  tenu  of  his  lease.     (H)  L^pon  the  breach 

of  any  condition  of  a  lease  by  the  lessee  the  governor  may  direct  the  cancellation 

of  the  lease. 

11.  In  the  event  of  a  dispute  arising  as  to  the  right  to  any  lease  the  secretary 
of  mines  may  appoint  a  competent  oiiicer  to   make   inquiry   into   the   dispute,  and 

■hoold  it  appear  that  the  property  is  liable  to  be  prejudiced  by  the  working  of  the  jigpu^^tlai 
ounends  therein  pending  the  inquiry  the  secretary  may  serve  upon  either  party  his 
iQJimction  for  the  suspension  of  all  mining  operations  until  the  right  to  a  lease  has 
been  duly  determined  in  favor  of  either  party. 

12.  Where  some  other  mineral  or  metal  is  found  in  the  land  other  than  that 

^or  the  mining  of  which  the  lease  was  obtained  and  there  is  a  desire  to  mine  it,  the  JjJSJJtioS  to^* 
holder  ii  reqtured  to  give  notice  to  the  secretary  of  mines  and  obtain  authority  to  work  more  thsa 
^ork  the  same  ;  otherwise  his  lease  is  liable  to  forfeiture  and  cancellation  for  a  **"•  n»inermL 
bx%ach  of  the  condition. 

13.  The  govenu>r  is  authorised  to  make  regulations  prescribing  the  terms  and  RejnilaUons. 
<^iiditions  on  which  rights  and  licenses  may  bo  granted,  for  onforcin*^  penalties,  etc. 

He  is  also  empowered  to  call  together  a  mining  board  consisting  of  two  members  ^.        j^^ 
H>(X)inted   by   the    governor  and   nine  members  elected  by  the  people  to  make     °  °*^ 
'osculations  for  the  working  of  gold  mines,  subject  to  the  governor's  approval,  and 
ftll  regulations  so  approved  have  the  force  of  law. 

The  remaining  clauses  of  the  act  provide  for  the  administration  of 
justice  in  mining  districts  by  the  establishment  of  wardens'  courts,  and  for  Se  t!ct!^**"^  ^ 
penalties  and  forfeitures  for  specific  breaches  of  the  act  and  of  the  regulations 
'luder  it.  Various  regulations  have  been  adopted  dealing  with  the  mining 
lK>ard,  mineral  leases  of  crown  lands,  water  courses,  mineral  licenses,  occupa- 
tion of  reserved  lands  and  the  construction  of  drives  under  exempted  lands, 
mining  under  public  roads,  gold  mining  leases,  practice  and  procedure  in  R^fi^*******"- 
w-ckrdens'  courts  and  the  inspection  of  mines  other  than  coal  and  shale  mines, 
^•ll  of  which  are  published  in  the  seventh  edition  of  the  Mining  act,  1888. 
'^he  regulations  of  the  mining  board  were  puVdishcd  in  1875  ;  they  deal 
exclusively  with  mining  for  gold,  and  with  the  duties  of  mining  registrars  and 
•Urveyors. 

VICTORIA. 

The  mining  laws  of  the  colony  of  Victoria  are  embraced  in  what  is 
Vnown  as  the  Mining  statute  of  1865,  being  an  act  to  provide  for  the  manage-  Mining  statute 
^ent  of  mining  interests  and  the  administration  of  justice  in   relation  to  the  ^^^' 
same.     It  consists  of  246  sections  and  is  divided  into  three  parts,    viz. : 
(1)  mining  management,  (2)  administration  of  justice,  including  administra- 
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tion  under  courts  of  mines  and  wardens,  and  (3)  penalties.     Following  is  i 
summary  of  the  provisions  of  the  part  relating  to  mining  management : 

1.  The  governor  in  council  may  issue  to  any  person  applying  therefor  a  miner'i 
right  for  any  number  of  years  not  exceeding  fifteen,  upon  payment  of  a  sum  at  the 
rate  of  5s.  for  every  year  in  which  it  is  to  be  in  force,  or  may  issue  a  conaohdated 
miners'  riglit  on  the  application  of  a  manager  or  trustee  of  any  company  of  penoDB 
who  have  agreed  to  work  in  partnership  any  registered  claim  or  claims  upon  pay- 
ment of  5s.  }>er  year  for  each  i)erson  in  the  company.  The  holder  of  a  right  ii 
entitled  to  take  possession  of  a  parcel  of  land  for  gold  mining  purposes  of  such  extent 
and  with  such  boundaries  as  bye-laws  made  under  the  statute  may  define,  and  miy 
also  cut  and  use  the  timber  upon  it  and  may  occupy  a  plot  not  more  than  a  quarter 
of  an  acre  in  extent  for  the  puri>o8e  of  a  residence.  A  claim  or  share  in  a  cliim 
may  be  registered  upon  the  production  of  the  miner's  right,  when  it  may  be 
assigned,  encumbered  or  transferred  subject  to  any  trusts  or  provisions  sgreed  upon 
between  the  parties. 

2.  A  lousiness  license  may  be  issued  to  any  person  applying  for  it  upon  payment 
of  £*2  lOs.  for  six  months  or  £5  for  twelve  months,  under  which  the  holder  ii 
entitled  to  occupy  on  any  gold  field  for  the  purpose  of  residence  and  carrying onhis 
business  one  quarter  of  an  acre  of  land,  but  his  property  in  it  is  deemed  a  chattel 
interest.  He  may  transfer  the  license  to  any  other  person  for  the  unexpired  period 
upon  expressing  his  desire  so  to  do  before  a  warden  or  a  justice,  and  upon  payment 
of  a  fee  of  10s.  another  business  license  is  granted  to  the  purchaser. 

y.  A  miner's  right  may  be  renewed  uix)n  payment  of  a  fee  of  6s.  and  a  burinew 
license  upon  ]>ayment  of  25  per  cent,  of  the  original  fee,  and  the  right  of  renewil 
holds  for  one  njonth  after  the  date  of  expiration.  The  right  of  occupying  exempt«i 
lands  for  occupation  under  miner's  right  or  business  license  is  the  same  as  under 
the  New  South  Wales  act. 

4.  AVlien  l.ind  held  for  business  or  residence  is  put  up  for  sale  the  valne  of 
buildings  thereon  is  tixed  by  arbitration,  and  the  value  so  ascertained  is  added  to 
the  upset  price  of  the  land,  when  if  the  holder  of  the  license  or  right  is  the  highcit 
bidder  the  value  of  the  buildings  is  deducted  from  the  amount  of  his  bid,  but  if 
any  other  i)erson  become  the  purchaser  then  the  holder  is  entitled  to  receive  out  of 
the  purchase  money  the  value  of  his  buildings  as  fixed  by  the  arbitrators. 

5.  The  governor  may  grant  to  any  person  or  body  corporate  a  lease  of  any 
crown  land  not  otherwise  demised  under  miner's  right  or  businesa  license  for  the 
purpose  of  mining  for  gold  or  other  mineral,  to  be  known  respectively  ss  a  gold 
mining  leiise  or  minenil  lease  ;  provided,  however,  that  land  held  for  the  purpoie 
of  a  residence  under  miner's  right  or  business  license  may  be  leased  upon  payment 
to  the  holder  of  compensation  for  buildings  or  other  improvements  upon  the 
property.  In  the  case  of  a  gold  mining  lease  the  term  for  which  it  may  be  granted 
cannot  exceed  fifteen  year's,  subject  to  a  yearly  rent  of  £1  per  acre  ;  and  in 
the  case  of  a  mineral  le<ise  the  area  cannot  exceed  640  acres  nor  the  period  thirty 
years.  Any  holder  of  a  miner's  right  who  desires  to  prospect  for  gold  in  any  plwe 
where  sinking  through  basalt  is  necessary,  and  to  which  no  part  of  any  gold 
workings  is  nearer  than  five  miles,  may  mark  off  an  area  of  one  square  mile  for 
prospecting  work,  and  in  the  event  of  his  discovering  gold  in  quantities  which  the 
governor  in  council  may  consider  remunerative  the  person  is  entitled  to  a  lesse  of 
any  selected  part  of  the  area  not  exceeding  one  hundred  acres  in  one  lot  (whether 
occupied  by  a  miner's  right  or  business  license  or  not)  at  a  nominal  rent  snd  for 
such  term  as  the  governor  in  council  may  determine.  Any  such  license  may  he 
surrendered  or  renewed,  with  the  consent  of  the  governor  in  council  ;  but  in  the 
case  of  a  new  lease  it  shall  be  at  the  rent  which  is  then  chargeable  by  law,  and 
subject  to  the  payment  of  a  fine  of  £10.  Leases  may  also  be  granted  for  any  mter 
reservoir  ccmstructed  at  the  public  expense. 

6.  Any  person  may  procure  a  license  to  enter  upon  crown  land  not  demised,  or 
not  occupied  by  the  holder  of  a  miner's  right  or  business  license,  to  search  for  any 
metal  or  mineral,  other  than  gold,  subject  to  a  fee,  rent  or  royalty  fixed  by  the 
governor  in  council.  Licenses  may  also  be  granted  to  construct  races,  draim^ 
dams  and  reser\'oir8  for  a  term  not  exceeding  fifteen  years. 

7.  A  warden  may  hear  objections  to  the  granting  of  a  lease  and  take  evidence 
relating  to  an  application  therefor,  and  although  an  applicant  may  comply  with  the 
regulations  the  granting  of  a  lease  or  license  is  not  obligatory  ;  but  no  leans  or 
license  can  be  granted  until  after  the  lapse  of  one  month  after  notice  of  the  intention 
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to  grant  it  has  been  published  in  the  government  Gazette  and  in  some  newspaper 
circulatiDg  in  the  district  within  which  the  land  is  situate.  In  case  any  lease  becomes 
liable  to  be  forfeited  by  any  breach  of  condition  or  otherwise,  the  land  may  recovered 
by  the  crown  as  may  be  provided  by  the  conditions  or  by  suit  in  the  court  of  mines. 

8.  The  governor  in  council  is  authorised  to  make  regulations  under  the  act 
prescribing  the  term  for  which  any  license  or  lease  is  to  be  held,  the  amount  of  5,^ov**^'r®in 
rent,  royalty  or  fee  to  be  paid,  the  quantity  and  shape  of  the  land  to  be  demised,  council. 

the  manner  in  which  the  land  is  to  be  marked  out,  the  mode  and  time  of  determin- 
ing upon  applications,  the  manner  of  dealing  with  cases  when  two  or  more 
applications  are  made  for  the  same  land,  how  leases  are  to  be  registered,  the 
conditions  upon  which  leases  are  to  be  issued  and  the  privileges  to  be  enjoyed  under 
them,  etc. ;  but  no  such  regulation  can  have  force  or  efficacy  until  twenty-one  days 
after  it  has  been  published  in  the  government  Gazette,  and  every  regulation  or 
change  thereof  is  required  to  be  laid  before  parliament. 

9.  The    governor    in    council    may   erect    any    portion  of   the  colony   into 

mining  districts  and  divide  each  of  such  districts  into  any'  number  of  divisions,  ^£4^4^-  diitri«tf 

fix   and  alter  the   boundaries  of  districts  and  divisions   from  time  to  time,  and  and  officers. 

determine  the  number  of  members  of  the  mining  board  of  each  district  which 

may  be  elected  for  every  division ;  but  the  number  of  districts  may  not  exceed 

seven  except  upon  an   address  to  the  governor  by  the  legislature  praying  for  a 

greater  number.      The  governor  in  council  may  also  appoint  as  many  officers, 

clerks  and  assistants  for  each  district,  division  or  place  as  may  seem  right  for  the 

making  of  inspection  and  surveys  and  registration  of  claims  and  mines,  and  such 

other  duties  as  the  governor  in  council  may  think  fit. 

10.  Each  district  is  empowered  to  elect  a  mining  board  consisting   of  ten 
members,  a  certain  number  to  be  chosen  by  ballot  for  each  division  of  the  district  Mining  boards 
as  determined  by  the  governor  in  council,  four  of  whom  retire  annually  by  rotation. 

None  but  holders  of  miners'  rights  or  business  licenses  resident  in  a  division, 
twenty -one  years  of  age  and  subjects  of  the  queen,  are  eligible  for  election  to  the 
board,  and  the  same  qualification  is  required  of  voters,  each  of  whom  has  as  many 
votes  as  there  are  members  to  be  returned  for  his  division.  The  places  of  meeting 
for  the  board  are  fixed  by  the  governor  in  council,  and  a  sum  of  £500  is  paid 
annually  out  of  the  consolidated  revenue  of  the  colony  for  apportionment  amongst 
the  members  of  each  board  according  to  some  scale  to  be  adopted  by  the  board  and 
approved  by  the  treasurer  of  the  colony.  The  board  has  power  to  make  bye-laws 
for  the  regulation  of  mining  in  its  district  or  part  thereof  within  limits  prescribed 
by  the  act,  which  if  concurred  in  by  the  law  officers  of  the  crown  and  published  for 
twenty-one  days  in  the  government  Gazette  acquire  the  force  of  law  ;  but  any  bye- 
law  is  revokable  by  the  governor  in  council  for  cause. 

The  Land  act  of  1884  provides  that  no  auriferous  lands  shall  be  alienated 

Lands  alienated 

in  fee  simple,  and  that  all  lands  alienated  under  the  act  are  liable  to  be  may  be  resumed 

resumed   for  mining  purposes  by  the    governor    in  council  on  paying  full  purposes. 

compensation  to  the  licensee,  lessee  or  purchaser  in  fee  simple  for  land  and 

improvements,  but  not  including  auriferous  valua     The  governor  may  also 

grant  leases  of  any  crown  land  not  exceeding  three  acres   for   a  term  not  ing  mineral 

exceeding  twenty-one  years,  at  a  yearly  rent  of  not  less   than   £5,    for  the  maniSciuriiig 

working  of  mineral  springs  and  the  manufacture  of  salt.     The  act  further-  ^^^' 

more  provides  that  in  every  crown  grant  of  lands  alienated  in  fep  simple,  as 

well  as  in  every  license  or  lease  demised  with  the  right  of  acquiring  the  fee 

simple,  there  shall  be  inserted  a  condition  that  the  land  is  granted  subject  to  Miners' rights  on 

the  right  of  any  person  being  the  holder  of  a  miner's  right  or  of  a  mining  alienated  lands. 

lease  to  enter  upon  it  and  mine  for  gold  and  silver  under  the  same  conditions 

and  provisions  as  those  to  which  such  person  may  mine  upon  crown  lands, 

provided  that  payment  be  made  to  the  owner  for  surface  damage :    and  any 

warden  may  hear  and   determine  any  claim  for  surface  damage,  subject  to 

appeal  to  the  court  of  mines. 
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SOUTH    AUSTRALIA. 

The  mining  laws  of  South  Australia  are  embraced  in  three  statutes, 
enacted  in  the  session  of  1888,  viz.:  (1)  the  Crown  Lands  act,  (2)  the 
Northern  Territory  mineral  act,  and  (3)  the  Mining  on  Private  Property  act. 

Under  the  Crown  Lands  act  lands  granted  except  in  pursuance  of  any 
agreement  for  sale  made  before  a -certain  date  in  1886  are  not  to  be  construed 
to  convey  propei-ty  in  any  gold,  silver,  copper,  tin  or  other  metals,  coal,  oil, 
g3ms  or  precious  stones  ;  and  the  commissioner  or  any  person  authorised  by 
him  may  enter  upon  lands  so  granted  to  search  for  minerals  or  work  mines, 
provided  reasonable  compensation  for  damage  is  paid  to  the  owners  exclusive 
of  the  value  of  metals  or  minerals  found  on  the  property.  Following  is  a 
summary  of  the  provisions  of  the  act  which  relate  to  leases  and  licenses  for 
mining  purposes : 

1.  Leases  of  mineral  lands  may  be  granted  for  mining  purposes  in  blocks 
not  exceeding  80  acres  to  any  person  or  company  who  first  applies  for  it ;  such 
leases  to  be  for  a  term  not  exceeding  ninety-nine  years,  and  to  entitle  the  leasee  to 
mine  all  metals  and  minerals  on  the  land  except  gold.  In  case  improvements  have 
been  made  on  the  land  the  person  applying  for  a  lease  is  required  to  pay  into  the 
treasury  a  sum  to  be  fixed  by  the  commissioner  for  their  value. 

2.  The  annual  rent  under  a  mineral  lease  is  Is.  per  acre,  besides  6d.  in  the 
pound  sterling  on  the  net  profits  of  mining  works,  payable  half-yearly  ;  and  for  the 
purpose  of  ascertaining  the  amount  of  rent  so  to  be  paid  the  lessee  or  manager  of 
the  leased  land  is  required  to  make  returns  to  the  commissioner  certifjdng  the 
amount  of  gross  and  not  profit  from  the  working  of  the  leased  land  for  the  preced- 
ing six  months,  subject  to  a  penalty  of  not  less  than  £60  nor  more  than  £500  for  a 
wUfully  false  return. 

3.  Every  mineral  lease  contains  covenants  by  the  lessee,  (1)  that  he  will  pay 
the  rent  when  it  becomes  due,  (2)  that  he  will  not  without  permission  from  the 
commissioner  use  the  land  for  any-other  purpose  than  mining  and  smelting  minerals, 
(3)  that  ho  will  expend  every  two  years  of  the  term  a  sum  equal  to  at  least  £6  for 
each  acre  of  land  comprised  in  the  lease  in  working  the  mines,  or  that  during  nine 
months  of  each  year  he  will  keep  one  man.  for  every  twenty  acres  employed  in 
minino:  or  searching  for  minerals,  (4)  that  he  will  forward  the  returns  required  hy 
the  act,  and  (5)  that  he  will  permit  the  occupier  of  any  adjoining  pastoral  lands  to 
have  free  access  to  and  use  of  any  water  on  the  leased  land  not  provided  by  artificial 
means.  Every  lease  also  contains  a  proviso  that  it  is  liable  to  forfeiture  upon 
breach  of  any  of  the  covenants  ;  but  the  lessee  may  surrender  his  lease  on  giving 
notice  to  the  commisioner. 

4.  The  commissioner  may  grant  licenses  to  search  for  metals  and  minerals 
except  f»old  on  any  specific  mineral  lands  not  exceeding  80  acres  in  extent,  on  pay- 
ment of  a  fee  o!  20s. ;  such  license  to  be-in  force  for  one  year,  and  to  authorise  the 
licensee  during  its  currency  to  search  and  mine  the  land  and  take  any  minerals  and 
metals,  except  gold,  not  exceeding  one  ton  (or  20  tons  with  the  consent  of  the  com- 
missioner), for  8am{)le  and  analysis  only.  But  no  person  can  hold  more  than  80 
acres  of  mineral  lands  at  the  same  time  for  this  purpose,  and  he  must  employ  at 
least  one  man  nine  months  of  the  term  in  searching  for  minerals,  or  in  mining  work. 
Liceu'^es  less  stringent  in  their  provisions  may  also  be  granted  to  search  on  any 
mineral  lands.. 

5.  The  holder  of  a  mineral  lease  is  entitled  to  renewal  upon  its  termination,  on 
Right  of  renewal,  payment  of  a  fine  or  premium  to  be  fixed  by  valuation  ;  and  in  case  the  lessee  does 

not  avail  himself  of  tlie  right  of  renewal,  or  on  the  forfeiture  of   the  lease,  it  must 
be  offered  for  sale  hy  auction. 

6.  No  mineral  license  includes  or  apphea  to  any  lands  held  or  occupied  for  gold 
mining  purposes,  but  the  holder  of  a  gold  mining  lease  is  entitled  to  a  preferential 
right  to  a  mineral  lease  of  the  land  compri$:ed  in  his  gold  mining  lease.  Any 
mining  company  may  hold  any  number  being  not  more  than  twelve  gold  mining 
leases  or  minenil  licenses. 

7.  The  lessees  of  contiguous  lands  held  under  gold  mining  lea<:es  may  readjust 
or  alter  the  boundaries  of  the  land't  by  taking  out  new  leases  for  the  unexpured 
term,  but  no  new  lease  can  be  granted  for  a  greater  area  than  twenty  acroa. 
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The  provisions  of  the  Northern  Territory  mineral    act  are  in  the  main  N^^rthem 
the  same  as  those  of  the  Crown  Lands  act,  saving  that  specific  licenses  to  Territory  act. 
search  for  minerals  may  have  a  maximum  area  of  640  acres,  and  that  mineral 
leases  cannot  cover  more  than  320  acres  in  contiguous  blocks  noc  more  than 
640  acres  in  all  at  one  and  the  same  time. 

Under  the  Mining  on  Private  Property  act  the  governor  may  provisionally  tuning  under 
resume  the  ownership  of  any  private  land  for  mining  purposes  for  a  period  of  Jl^Jty  acf.*^  ^^ 
«ix   months  upon  a  written  application  being    made  to  the  commissioner 
desiring  the  land  to  be  so  resumed,   and   the  certificate  of  an  inspector  that 
it  should  be  resumed  for  the  purpose  of  mining ;  and  upon  the  land  being  Government 
proved   satisfactory    for   mining    purp3ses    the  resumption  may  be  made  JJJ?n/^ip.* 
absolute  at  the  end  of  the  period  of  six  months  upon  payment  of  the  purchase 
money.     The  land  may  then  be  put   under  license  or  lease  in  the  ordinary 
way.     But  without  the  resuming  of  ownership  of  the  land  by  the  government 
any  person  may  apply  to  the  owner  of  any  private  land  for  a  mining  lease  of  Q^^^^  ^  ,^,^ 
any  portion  of  the  land,  not  exceeding  twenty  acres,  for  gold  mining.     In  the  p"^^*^  *»"<*• 
«verit  of  the  owner  refusing  to  grant  a  lease  it  becomes  the  duty  of  the 
inspector  to  examine  the  land,  and  if  he  should  report  that  payable  metal 
•exists  therein,  and  that  it  should  be  resumed  for  mining  purposes,  the  owner 
must  either  work  it  himself  or  grant  a  mining  lease  for  it  upon  regular 
application  being  made  therefor ;  and  in  case  he  refuses  the  lease  may  be 
executed  by  one  of  the  judiciary  ofiicers.     The  lease  is  required  to  be  granted  Royalty. 
for  a  term  of  twenty-eight  years,  subject  to  a  royalty  of  2 J  per  cent,   on  the 
gross  money  value  of  the  metal  raised  from  the  land  during  the  currency  of 
the  lease,  and  such  rent  for  the  surface  of -the  land  as  may  be  assessed  by  the 
nearest  local  court  having  jurisdiction  in  such  matters  ;  but  if  the  court  is  of 
opinion  that  any  special  injury  is  likely  to  arise  to  the  land  under  the  lease, 
it  may  order  that  the  land  be  purchased.     In  case  the  metal  on  leased  private 
land  has  been  reserved  to  the  government  no  royalty  is  payable  to  the  owner 
of  the  land,  but  the  whole  must  be  paid  to  the  commissioner. 

In  Queensland,  Western  Australia  and  Tasmania  the  mining  laws  and 
regulations  are  in  respect  of  miners'  rights,  business  licenses,  mining  leases, 
the  administration   of  justice  and  inspection  essentially  like  the  laws   and  Mining  laws  and 
regulations  of  Victoria  and  New  South  Wales,  differing  only  in  details.     In  StSer*Au«tr^. 

^^  111 

Queensland  the  discoverer  of  a  new  gold  field  distant  more  than  twenty  miles  '*"  ^oones. 

from  any  place  where  payable  gold  has  been  previously  obtained,  on  which 

not  less  than  200  miners  are  employed  four   months   after   discovery,   the 

government  may  pay  a  reward  not  exceeding  X500,  and  for  one  on  which  not 

less  than  500  miners  are  employed  six  months  after  discovery  a  reward  not 

exceeding  £1,000  may  be  paid.     In  Western  Australia  a  system  of  reward 

claims   has   been   adopted    for  the   discoverv   of  ffold,  graded   according  to  Rewards  for 

*  ^  ^o»o  o  discovery  of  ne 

•distance  from  the  nearest  occupied  gold  workings,  ranging  from  two  claims  ^®^«^*' 
•of  one  man's  ground*  if  distant  over  four  hundred  yards  to  ten  claims  if  over 
three  miles  and  to  twenty  claims  if  beyond  the  limits  of  a  gold  field.     For 
•discoveries  of  gold  in  payable  quantities  in  new  fields  of  certain  specified 


-      ,t^?  ordi'iMT  alltivial  claim  for  one  man  is  60  feet  square,  and  a  wet  alluvial  claim  is  50 
by  100  feet. 
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divisions  of  the  colony  the  government  may  pay  a  reward  of  not  leas  than 
X500  and  not  more  than  XI, 000,  bat  not  more  than  one  soch  reward  may  be- 
paid  in  respect  of  each  division.     In  Tasmania  the  government  may  grant 
to  any  person  who  discovers  any  mineral  a  lease  at  a  pepper-corn  rent  of  any 
area  which  may  be  prescribed. 

For  a  knowledge   of  the  mining  laws  which  prevail  in  the  principal 
countries  of  Europe  the  writer  is  indebted  to  reports  made  to  the  British 
Ej»^p^  government    by  her    majesty's  representatives  abroad,  ''as  to  the  laws  in 

various  countries  regulating  the  ownership  in  minerals  and  mining  rents  and 
royalties,"  presented  to  parliament  in  1887.  Only  a  brief  summary  of  the 
reports  is  given. 

FRANCE. 

The  payment  of  royalties  in  France  was  abolished  in  1789  and  all  mines 

Mines  ure  the      ^®^®  declared  to  be  the  property  of  the  nation,  reserving  to  the  owner  of  any 

nation?^  ®'  ****  land  the  right  to  mine  upon  it  provided  he  went  no  further  down  than  100 

feet.     This  law  was  repealed  in  1810,  but  the  new  law  re-enacted  all  the  old 

provisions  saving  the  right  of  the  owner  to  open  shallow  mines  without  leave  ;. 

and  in  its  chief  features  the  act  of   1810  is  the  present  law  of  the  country. 

Right  of  private  No  person  ceui  try  or  prospect  for  minerals,  whether  with  or  without  the 

assent  of  the  owner  of  the  land,  unless  he  hsis  previously  arranged  to  pay  the 

owner  an  indemnity  ;  and  if  the  works  are  so  far  temporary  that  the  ground 

may  be  cultivated  as  before  at  the  end  of  one  year,  the  damage  cannot  be 

calculated  at  more  than  twice  the  net  return  of  the  land  occupied ;  but  if  the 

works  should  deprive  the  owner  of  his  ground  for  more  than  a  year,  or  unfit 

The  Kovernment  it  permanently  for  cultivation,  the  explorer  must  buy  the  lot  for  a  sum  not 

to  exceed  double  its  value  before   occupation.     No  mine,  however,  can  be 

worked  without  a  concession  from  the  council  of  state,  the  obtaining  of  which 

creates  a  new  property  even  to  the  owner  of  the  soil,  independent  of  and 

separate  from  that  of  the  surface  and  transmissible  like  any  other.     As  soon 

as  the  concession  is  obtained — and  it  may  be  granted  to  foreigners  as  well 

as  to  citizens — the  concessionaire  is  bound  to  pay  yearly  rents  to  the  owner 

Rents.  of  the  surface  on  the  whole  extent  of  the  concession,  and  also  for  the  surface 

area  occupied  by  his  machinery  and  plant ;  also  a  yearly  rent  to  the  state,. 

besides  5  per  cent,  of  the  net  produce  of  the  mine  and  a  small  sum  additional 

to  form  a  relief  fund  for  accidents. 

G  KKM  ANT. 

The  mining  laws  in  Germany  are  not  uniform  throughout  the  empire, 
but  the  Prussian  general  law  of  1865  has  been  extended  to  most  of  the 
other  states.  The  minerals  are  not  at  the  disposition  of  the  owner  of  the  soil, 
but  it  is  a  moot  question  whether  they  form  before  the  right  to  work  them  is^ 
obtained  an  integral  and  judicially  indivisible  part  of  the  ground  and  soil,  or 
"  things  without  an  owner."  This,  however,  is  of  no  real  consequence  as 
under  the  general  mining  law  all  persons  (including  the  owner  of  the  land) 
who  dig  for  minerals  without  a  license  obtained  from  the  state  mining 
authorities  are  punishable  by  fine  or  imprisonment.  A  claim  to  license  is  recog- 
nised as  belonging  to  the  person  who  has  discovered  the  mineral  in  its  natural 
surface  owner,  gtate  and  makes  an  application  for  the  concession.  The  license  is  granted  for 
limited  and  bounded  areas,  which  are  marked  out  by  straight  lines  on  the 
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surface — the  boundaries  underground  being  lines   vertical  to   the  horizon. 
This  license  or  lease  conveys  absolute  right  to  work  for  the  mineral  mentioned 
therein  within  the  prescribed  area ;  and  once  it  has  been  given  it  can  only  be 
cancelled  without  the  licensee's  consent  when  the  higher  mining  authorities 
have  decided  that  this  step  is  necessary  on  public  grounds.     The  law  of  1865 
does  not  recognise  that  the  owner  of  the  soil  has  any  claim  to  a  royalty,  rent 
or  similar  advantage  of  the  nature  of  compensation  for  the  raising  of  minerals 
which  may  happen  to  underlie  his  property ;  but  the  owner  of  the  mine  is 
obliged  to  give  full  compensation  for  such  surface  portions  of  the  property  as 
he  may  require,  as  well  as  for  any  damage  he  may  cause  to  the  property  or  its 
appurtenances  by  his  mining  operations.     An  essential  feature  of  the  law  is  t»x  °JJ'^*'^JJ; 
that  which  provides  for  the  payment  of  a  tax  or  royalty  to  the  state  on  all  state. 
mineral  properties  except  iron  mines,  rock  salt  mines  and  brine  works, — the 
form  of  levy  being  (1)  a  tax  on  the  gross  produce,  as  in  Prussia,  (2)  a  tax  on 
allotments,  as  in  Hesse,  (3)  a  combination  of  both,  as  in  Alsace-Loraine,  or 
(4)  a  general  tax  on  industry,  as  in  Wurtemberg.     The  royalty  in  Prussia  is 
two  per  cent,  to  the  government;  and   the  mine  owners  are    required  in  Miners' aid  fumi. 
addition  to  pay  certain  charges  to  the  miners'  benefit  fund,  to  ensure  assist- 
ance to  the  miners  in  case  of  illness  or  accident,  and  to  provide  for  their 
widows  and  children. 

AUSTRIA-HUNOART. 

In  Austria  the  state  claims  sovereign  rights  over  all  minerals.    A  permit 
to  search  is  granted  on  application,  but  it  is  limited  to  a  certain  district,  the  Permits, 
area  of  which  must  be  accurately  stated.     Having  obtained  a  permit,  the  next 
step  is  to  apply  to  the  authorities  for  one  or  more  free  diggings  in  the  district, 
each  of  which  is  to  measure  not  more  than  424  metres  (1,391  feet)  in  diame- 
ter.     An  arrangement  must  then  be  concluded  with  the  owner  of  the  land 
where  the  opening  is  proposed  to  be  made ;  and  if  a  purchase  of  the  land  is 
intended,  and  the  parties  cannot  agree  on  the  price  to  be  paid,  the  value  is 
fixed  by  sworn  experts  appointed  by  the  mining  authorities,  whose  valuation  Rights  of  owners 
must  be  accepted  by  the  proprietor.      He  may  also  be  forced  to  cede  his  pro- 
perty temporarily  at  an  annual  rent,  to  be  fixed  by  sworn  experts,  in  which 
case  the  land  reverts  to  his  free  use  after  the  working  of  the  mines  has  ceased, 
but  this  plan  is  of  Vare  occurrence.      No  royalties  are  jpaid  to  the  state,  but  ci^taxts!"""'' 
heavy  rates  of  taxes  are  imposed  for  both  state  and  municipal  purposes. 

ITALY. 

In  Italy  the  old  laws  which  obtained  in  the  independent  states  before  the 
unification  of  the   kingdom  still  continue ;    hence  the    most    contradictory  ^o  uniform  laws 
systems  are  found  side  by  side.     In  all  upper  and  central  Italy,  with  the  ex-  'o'^t^'e  kingdom. 
ception  of  the  Tuscan  provinces  and  in  the  island  of  Sardinia,  concessions  are 
granted  by  the  government  in  favor  of  the  discoverer  of  a  mine,  or  of  any 
other  person  who  may  furnish  a  sufl&cieut  guarantee  of  his  intention  to  under 
take  the  working  of  it.     In  the  provinces  which  formed  part  of  the  late  king- 
dom of  the  two  Sicilies,   when   the  working  of  a  mine  is  not  undertaken  by 
rlie  owner  of  the  soil,  concessions  are  made  by  the  government  in  favor  of  any 
duly  qualified  applicant  who  possesses  the  means  of  undertaking  and  carrying 
on  the  work ;  exception  being  made  in  the  case  of  sulphur  mines,  which  can 
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only  be  worked  by  the  owner  of  the  soil  But  sulphur  works  in  Sicily  are 
still  subject  to  the  supreme  regalian  rights  of  the  state,  and  the  owner  of  the 
soil  may  not  open  or  work  them  without  a  special  license,  and  upon  payment 
once  for  all  in  recognition  of  the  sovereign  rights  of  a  sum  of  127^  francs. 
In  the  Tuscan  provinces  mines  are  the  absolute  property  of  the  owners  of  the 
soilj  saving  iron  mines  of  the  island  of  Elba  and  the  territory  of  Piombico ; 
these  belong  to  the  state  domain,  and  may  be  conceded  to  any  person  upon  any 
terms.  Various  attempts  have  been  made  in  the  Italian  parliament  to  intro- 
duce a  uniform  law  for  the  whole  kingdom,  but  so  far  without  success.  All 
Income  tax.  owner  of  mines,  however,  are  required  to  pay  an  income  tax  of  13.2  per  cent, 
on  the  produce  of  their  mines,  independently  of  any  tax  imposed  by  the 
various  mining  laws. 

BELGIUM. 

Everything  above  and  below  the  soil  was  recognised  by  the  old  law  of 
Belgium  as  belonging  to  the  owner,  but  this  was  completely  changed  by  the 
imposition  of  the  French  law,  passed  by  the  French  imperial  government  in 

Law  of  1887.  1810.  This  continued  to  be  the  law  of  Belgium  until  1837,  when  considerable 
*  changes  were  made  looking  to  fairer  treatment  of  the  land  owners.      By  the 

Double  roy»i-  jg^^  ^f  1837  the  land  owner,  like  the  state,  receives  a  double  royalty,  the  one 
fixed  by  the  act  of  concession,  but  in  no  case  to  be  less  than  25  centimes  per 
annum  for  each  hectare  (about  5  cents  for  each  2^  acres)  ;  the  other  propor- 
tional, from  1  to  3  per  cent,  on  the  net  product  of  the  mine.  In  both  cases 
the  rates  are  determined  by  the  board  which  grants  the  concession,  and  the 
amount  is  divided  among  all  holders  of  land  included  in  the  conceesion  in 
proportion  to  the  extent  of  their  holdings.  The  law  also  provides  that  the 
owner  of  a  sufficient  extent  of  land,  who  possesses  the  necessary  capital,  is 
entitled  to  the  concession. 

PORTUGAL. 

The  right  of  private  ownership  in  minerals  is  recognised  by  the  law  of 
Private  owner-  Portugal,  but  the  control  over  and  management  of  mines  is  entrusted  to  a 
ship  tecognised.  committee  of  public  works,  which  is  subordinate  to  one  of  the  state  depart- 
ments. The  government  may  through  this  committee  grant  permission  to 
search  for  minerals  in  land  which  is  national  property  or  the  property  of 
Right  to  ex-  municipalities,  and  may  also  authorise  search  to  be  made  on  private  lands 
^lore.  without  the  consent  of  the  owner  of  the  soil,  but  subject  to  an  engagement  on 

the  part  of  the  explorer  to  indemnify  the  owner-  for  any  damage  he  may  cause. 
Previous  to  commencing  operations  on  private  land  the  lessee  must  either 
compensate  the  owner  by  paying  the  value  of  the  land  set  apart  and  one-fifth 
part  of  the  value  in  addition,  or  he  must  give  security  to  the  full  amount  of 
any  injury  that  may  result.      In  all  cases  where  shafts  have  to  be  sunk  or 
Oovernment       galleries  constructed  the  previous  consent  of  the  government  is  necessary,  and 
*^"*1!o^work*a*  this  requirement  applies  to  the  owner  as  well  as  the  lessee  of  a  mining  pro- 
"»^"<'*  perty  ;  any  person  who  does  so  work  a  mine  is  liable  to  have  the  fruits  of  his 

labor  appropriated  by  some  other  person  registering  himself  as  discoverer  and 
obtaining  a  concession.     The  scale  of  royalties  as  fixed  by  the  decree  of  1862 
R    aiti  requires  the  lessee  to  pay  to  the  state  a  sum  not  exceeding  5  per  cent,  of  the 

net  production  and  a  sum  not  exceeding  2^  per  cent,  to  the  owner  of  the  soil. 


the  Minnal  rent  being  always  one-half  of  the  proportional  royalty  exacted  by^ 
the  government ;  but  in  the  event  of  the  government  converting  the  propor- 
tional royalty  into  a  fixed  amount,  or  suspending  temporarily  the  payment  of 
a  royalty,  the  parties  may  either  agree  upon  the  sum  to  be  paid  to  the  owner 
■or  the  government  will  fix  the  percentage  within  the  legal  limits. 

SPAIN. 

Any  person  or  company  may  own  mining  property  in  Spain,  with  the 
consent  of  the  state  and  subject  to  certain  conditions.     The  law  deals  with  classes  o 
minerals  of  three  classes,  viz.  :  ( 1 )  all  materials  used  for  building  purposes 
and  found  in  quarries,  (2)  surf  ace  metalliferous  deposits,  and  (3)  metalliferous 
mines,  coal,  oils,  sulphur,  precious  stones  and  kindred  substances.     Mineral 
substances  of  the  first  class  found  on  private  property  appertain  to  the  owner 
of  the  land,  but  if  they  can  be  utilised  in  any  industry  the  owner  is  bound 
to  quarry  them  within  a  specific  period,  or  on  the  application  of  any  other 
person  the  deposits  may  be  expropriated.     When  found  od  government  or 
eommon  land  any  person  may  utilise  them,  with  the  consent  of  the  govern- 
ment.    Deposits  carrying  gold  and  tin,  or  other  river  deposits  such  as  yellow 
and  red  ochre,  may  be  utilised  without  previous  permission.     Under  certnin 
conditions  any  person  may  examine  the  surface  of  the  land  for  minerals,  and 
if  the  owner  refuses  consent  the  civil  governor  of  the  province  may  grant 
permission  upon  application  being  made  to  him.     In  order  to  obtain  owner- 
ship of  a  mine  a  petition  is  addressed  to  the  civil  governor,  who  instructs  a  ucense  to 
^vemment  engineer  to  examine  and  report  upon  the  property,  and  if  signs 
of  minerals  are  found  the  concession  is  at  once  granted,  and  the  property 
muat  be  marked  out  within  four  months  after  the  concession.     A  mine  is 
reckoned  to  be  a  rectangle  measuring  200  by   300  metres,  and  of  indefinite 
iength ;    but  in  the  case  of  iron,  coal,  bitumen  and   sulphate  of  soda  the  Area  of  mii 
limit  is  300  by  500  metres.     Mines  of  200  by  300  metres  pay  an  annual 
royalty  to  the  government  of  £3,  mines  of  300  by  500  metres  pay  £2,  and  Roymities. 
«cori8e  mines  and  surface  deposits  pay  £i  for  every  40,000  square  metres. 

8WKI)B5. 

The  rights  of  property  in  mines  in  Sweden  are  regulated  by  the  mining 
law  of  1884.     The  owner  of  the  land  is  not  entitled  to  the  minerals  found  Mining  Uw 
in  it,  except  in  the  case  of  minerals  in  the  lakes  and  swamps,  and  no  mines 
«an  be  worked  without  a  license.     Whoever  wishes  to  work  a  mineral  vein, 
whether  on  his  own  ground  or  that  of  any  other  person,  must  make  a  written  uiQing  uomm. 
application  to  the  mining  inspector  of  the  district  for  a  mining  license,  and 
and  this  license  when  granted  refers  to  a  certain  area  with  perpendicular 
boundaries.     As  loug  as  work  of  exploration  is  continued  the  holder  of  the 
lieenae  must  compensate  the  owner  of  the  ground  by  paying  {him  in  advance  oonditioas. 
an  i^nnnal  rent  for  the  area  occupied,  and  under  pain  of  losing  bis  claim  he 
most  commence  working  within  at  least  eight  months  from  the  date  of  the 
license,  unless  a  hindrance  occurs  over  which  he  can  have  no  controL     The 
owner  of  the  ground,  however,  is  entitled  to  share  with  the  holder  of  the 
license  in  the  mining  and  the  profit  derived  from  it  to  the  extent  of  one- 
half,  and  it  is  optional  with  him  to  use  either  his  whole  share  or  part  of  it. 
In  *the  case  of  a  crown  tenant  or  occupier  who  holds  by  perpetual  lease, 
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^e  same  right  is  enjoyed  as  is  secured  to  an  owner ;  but  any  one  entitled 
to  a  ground-owner's  share,  and  neglecting  to  make  application  for  the  use  of 
it,  forfeits   the  right  to   such   share.     The   allotment  staked  out  under  a 
license  may  not,  excepting  under  special  circumstances,  exceed  200  metres 
square,  and  the  fee  to  be  paid  to  the  owner  must  be  decided  on  the  staking 
out  of  the  allotment,  either  by  agreement  between  the  parties  or  by  official 
appraisement.     Mining  work  within   any  licensed  area  must  be  carried  on 
upon  such  a  scale  as  to  equal  the  cost  of  blasting  10  cubic  metres  in  the 
mine  every  year,  but  the  owner  is  entitled  to  perform  in  one  year  the  work 
he  is  bound  to  perform  for  several  years,  not  exceeding  four.     Instead  of 
this  obligation  the  owner  of  the  mine,  if  he  prefers  to  do  so,  may  pay  an 
annual  fee  for  each  allotment  of  50  kronor  (about  $13.50),  half  of  which 
goes  to  the  crown  and  half  to  the  owner  of  the  ground ;  this  right,  however, 
is  not  admitted  unless  obligatory  work  in  the  mine  has  been  performed  for 
at  least  three  years.     In  the  case  of  the  owner  of  the  mine  being  also  the 
owner  of  the  ground,  he  is  bound  to  pay  only  the  portion  of  the  fee  which  goes 
to  the  crown.     In  case  of  failure  to  perform  the  obligatory  work,  or  to  pay  the 
annual  fee  where  the  payment  of  such  fee  is  admitted,  the  mine  and  the 
privilege  based  on  the  license  become  forfeited  at  the  end  of  the  year,  pro- 
vided that  a  complaint  be  made  to  that  effect  within  two  years  from  expira- 
tion of  the  working  year  during  which  the  neglect  took  place.     In  case  of  for- 
feiture, or  the  loss  of  a  mining  claimant's  right  in  any  other  way,  the  whole 
real  property  in  the  mine  reverts  to  the  owner  of  the  ground  without  any 
compensation,  saving  that  any  ore  that  may  have  been  raised  is  allowed  to 
remain  on  the  ground  on  account  of  its  owner  for  two  years  free  of  expense ; 
and  any  machinery  remaining  in  the  mine,  constructed  for  its  support  and 
durability,  becomes  the  property  of  whoever  afterwards  acquires  a  legal  title 
to  the  working  of  the  mine.     No  foreigner  is  allowed  to  work  a  licensed 
allotment,  or  carry  on  mining  in  the  kingdom,  except  by  making  special 
application  and  obtaining  permission  from  the  king.     Formerly  a  payment 
of  10  per  cent,  for  certain  privileges  granted  by  the  state  was  exacted,  but 
by  a  series  of  agreements  between  the  state  and  the  mine-owners  this  tax 
for  the  privilege  of  working  mines  has  been  abolished,  excepting  in  two  dis 
tricts.     With  this  exception  the  mining  industry  is  now  only  subject  to  th< 
ordinary  income  tax,  and  the  payment  of  a  fee  of  10  kronor  (about  S2.70 
for  an  act  of  concession. 

NORWAY. 

By  the  Norwegian  mining  law  of  1842  the  right  of  raising  lake-ore  and 
limonite  is  reserved  to  the  owner  of  the  ground,  and  by  the  law  of  1869  th< 
same  right  applies  to  the  obtaining  of  alluvial  gold ;  as  regards  all  other  oi 
and  metals,  the  owner  of  the  ground  has  no  special  right,  except  the  privilege^^ 
of  participating  in  the  working  of  the  veins.     Any  one  who  discovers  a  vein- 
may  notify  the  constable  of  the  parish  or  magistrate  of  the  town,  which  noticer 
when  coiiimunicated  to  the  owner  of  the  ground  and  published  at  the  church, 
or  in  any  other  customary  way,  gives  the  person  who  presents  it  a  preferential 
right  for  a  period  of  eighteen  months  to  obtain  a  certificate  of  permission  to 
work  the  mine.    Applications  for  such  permission  must  be  made  to  the  aup^r- 
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intendent  of  mines,  and  be  accompanied  by  a  specimen  of  the  ore ;  and  the 
person  who  obtains  permission  to  work  a  metallic  vein  and  daly  publishes 
his  certificate  may  claim  an  allotment  of  ground  on  which  he  may  be  exclu- 
sively entitled  to  such  working  of  the  mine  as  is  stated  in  his  certificate. 
But  to  prevent  forfeiture  of  the  privilege  so  obtained  the  mine  must  be  con- 
tinually worked,  otherwise  a  respite  must  be  applied  for  within  a  month 
from  the  time  the  work  has  ceased.  The  right  of  working;  a  mine  is  limited  Oroand-owner's 
by  the  right  of  the  ground-owner  to  participtate  in  the  work  to  the  extent  of 
A  tenth  pcurt  of  the  claim,  and  in  case  the  ground-owner  does  not  choose  to 
avail  himself  of  this  right  he  is  at  liberty  to  transfer  it  to  others.  No  tax  is 
paid  for  the  working  of  a  mine,  either  to  the  government  or  any  private 
individual,  but  the  officer  who  draws  up  the  certificate  of  permission  and 
grants  respites  is  entitled  to  certain  fees.  It  is  a  disputed  question  whether 
foreigners  may  search  for  ore  at  all,  or  acquire  the  privilege  of  working  a 
mine. 

SUGGESTED    CHANGES    IN    THE    MINING    LAW. 

III.  In  considering  any  proposed  change  of  the  mining  law  of  Ontario 
regard  must  be  had  in  particular  (1)  to  the  system  of  land  tenure  which 
obtains  in  the  country,  (2)  to  the  effect  of  laws  and  regulations  already  tried, 
and  (3)  to  the  provisions  of  the  mining  laws  of  the  United  States. 

It  may  be  that  tenure  in  fee  simple  is  not  the  best.  The  lease  system 
has  strong  advocates  among  the  friends  of  so-called  land-law  reform,  and  it  is  Tenure  of  the 
upon  trial  on  a  large  scale  in  New  Zealand  and  in  the  Australian  colonies. 
But  in  Ontario,  where  the  great  majority  of  occupiers  are  owners,  it  would  be 
<lifficult  to  persuade  people  that  any  other  system  is  better.  The  merits  of  the 
lease  system  were  carefully  weighed  before  the  adoption  of  the  first  mining 
regulations,  and  in  all  the  changes  made  since  that  time  the  only  approach 
to  the  adoption  of  that  system  is  found  in  the  licensing  provisions  of  the  law 
relating  to  mining  claims  in  mining  divisions,  in  which  respect  it  has  failed 
altogether.  As  long  as  the  law  permits  a  miner  or  other  person  to  become 
-the  owner  of  80  or  more  acres  of  mineral  land,  it  is  not  likely  that  he  will  be 
<;ontent  to  take  up  and  work  a  claim  of  200  feet  square.  Still  less  is  the 
American  or  other  foreign  capitalist  likely  to  invest  money  in  a  leasehold  in 
Ontario,  when  in  a  neighboring  state  he  may  procure  a  mining  location  under 
:an  absolute  title.  But  while  it  does  not  appear  that  the  land  tenure  of 
Ontario  ought  to  be  changed  in  the  mineral-bearing  regions,  or  even  that 
there  is  a  desire  for  such  change,  there  are  several  particulars  in  which,  as 
exemplified  by  the  experiences  of  our  o^n  and  other  countries,  changes  in  the 
law  might  conduce  to  larger  and  more  continuous  development  of  our  mineral 
-wealth. 

We  have  in  the  northern  and  north-western  regions  of  the  province  au 
area  of  100,000  square  miles,  mostly  wilderness.  A  large  portion  of  this  area  claims  of  the 
lies  in  the  Huronian  formation,  which  is  mineral-bearing,  and  from  the  dis-  con«?d«raUon. 
ooveries  already  made  there  is  reason  to  hope  that  it  is  rich  in  at  least  some 
of  the  precious  and  economic  metals.  But  even  the  best  known  sections  of 
it  have  been  imperfectly  explored.  It  is,  indeed,  a  difficult  country  to  explore, 
t>eing  for  the  most  part  a  forest  land,  remote  from  settlement,  dotted  with  ^ 


numberless  lakes  and  intersected   by  deep-flowing  streams  and  rivers.     The 


prospector  who  ventures  out  into  it  has  constant  hardships  to  face.     Snpplii 
must  be  carried  on  his  back,  he  cannot  travel  far  without  being  obliged 
return  and  lay  in  a  fresh  store,  and  unless  provided  with  a  canoe  his  coarse  if 
often  impeded  by  the  lakes  and  rivers.     The  timber,  undergrowth,  leaves  an< 
moss  often  hide  the  mineral  bearing  veins  from  his  sight,  so  that  for  the  most 
part  his  way  lies  along  the  banks  of  tortuous  streams  or  the  rugged  escarp 
ments  of   the  mountain  ranges.     And  when   it   happens  that  his  toilsome 
wanderings  are  rewarded  with  the  discovery  of  a  mineral  vein,  he  may  he 
obliged  to  spend  a  season  in  testing  its  value — packing  in  from  time  to  time 
necessary  supplies  of  food,  mining  tools,  explosives,  etc.,  and  packing  oat  the 
specimens   for   assay  or   analysis.     Besides,  the  mosquitoes  and  black  fliec 
make  life  in  the  woods  almost  unendurable  until  half  of  the  short  season  foi 
exploration  is  over.     Under  these  circumstances  the  explorer  has  speda 
claims  for  consideration  at  the  hands  of  the  government.     Withoat  his  oflBoes 
long  years  may  elapse  before  the  mineral  riches  of  the  country  are  mada 
known,  and  even  with  the  most  favorable  conditions  much  skill  and  experienc 
are  required  to  make  the  search  thorough.     Whatever,  therefore,  oan  maki 
easier  the  task  of  the  explorer,  or  encourage  his  undertakings  in  old  or 
fields,  ought  not  within  fair  and  reasonable  limits  to  be  denied  to  him.     T 
may  not  bo  advisable  to  subsidise  exploration  in  new  fields  and  offer 
for  the  discovery  of  ores  or  minerals,  as  is  the  practice  of  New  Zealand  — - 
Such  a  policy  is  likely  to  lead  to  abuses,  even  in  the  case  of  men  regularly 
employed  by  the  government  as  explorers  or  prospectors.     But  the  exploi 
ought  to  experience  no  difficulty  in  procuring  information  as  to   locatioi 
already  claimed  or  patented,  and  no  delay  in  filing  a  claim  when  he  has  madi 
a   discovery.     In  almost  all  mining  countries  he  deals  directly  with 
Local  a;;<ncics.    agencies  or  offices,  where   records  are  kept  of  every  transaction  in  mu 
lands  and  where  claims  are  entered  as  soon  as  they  are  made.     The  work 
the  department  is  limited  to  issuing  patents  when  the  conditions  of  parcfaas^ 
are  complied  with,  and  deciding  important  matters  of  dispute  when  these 
The  explorer  is  not  obliged  to  waste  his  own  or  the  department's  time  in  elicitiiL 
information  of  the  most  ordinary  kind  in  his  business  affairs.     At  the  1< 


office  he  learns  what  the  terms  and  regulations  of  the  department  are,  l^^mfi 
ascertains  what  portions  of  the  district  are  available  for  exploration,  he  pi  o- 

cures  official  maps  of  the  district,  and  if  so  fortunate  as  to  make  a  discove  .siy 
he  files  and  proves  his  claim  to  a  location  in  accordance  with  the  r^pilatio] 
In  giving  cii'ect  to  this  plan  in  Ontario  it  would  only  bo  necessary  to  aathoi 
the  local  officers  and  agents  appointed  to  carry  out  the  Public  Lands  act 
carry  out  in  like  way  the  General  Mining  act.  This  change,  it  is  thoogE^^ht,. 
would  operate  in  the  interest  of  the  explorer  in  almost  all  matters  of  admic 
tration,  and  would  also  tend  to  put  a  more  effectual  stop  than  is  now  possil 
on  the  practice  of  '' jumping ''  claims.  The  best  protection  to  the  poor 
possible  under  local  administration  of  the  law,  with  right  of  appeal  in  all 
to  the  department. 

The  present  law  permits   any  person,  alien  or  citizen,  to  explore   Ctxr- 
minerals  on  any  public  lands  not  already  marked  or  staked  out  and  oooopi€at 
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id  in  this  respect  it  is  decidedly  more  liberal  than  the  mining  law  of  the 
United  States.  It  also  provides  that  such  lands  may  be  sold  as  mining  lands 
'wbea  they  are  *' supposed  "  to  contain  minerals.  In  many  other  countries  the 
law  makes  discovery  a  pre-requisite  to  the  filinsr  of  a  claim — the  effect  of  which  Making  dit. 

,         ,  covery  a  pr«- 

is  to  ascertain  with  some  degree  of  exactness  the  extent  of  the  mineral  wealth  requiHito  u>  ih« 

1*1  1  ii«ii#       fllinjf  of »  rla  ra 

of  the  country,  and  to  put  a  che^k  on  the  purchase  of  mining  land  for 
speeolative  objects.  The  evidence  taken  by  the  Commission  proves  that  in 
some  districts  large  areas  have  been  taken  up  in  this  way,  on  the  strength  of 
a  reported  local  discovery,  without  personal  examination  of  the  land,  without 
aeemg  it,  and  generally  without  the  expenditure  of  a  dollar  for  an  explorer's 
report  upon  it.  Were  the  law  to  require  that  no  application  could  be  enter- 
tained until  after  the  discovery  of  a  mineral  vein  or  deposit  within  the  limits 
of  the  location  claimed,  it  would  doubtless  lessen  this  evil  very  materially,  if 
it  voold  not  make  an  end  of  it  altogether. 

The  statistics  of  the  sale  of  mining  lands  during  the  last  forty-four  years 
do  not  give  reason  to  believe  that  purchase  by  speculators  has  been  carried  Extent  and  num- 

«  ber  of  looailonf 

OQ  to  the  extent  many  persons  allege.     Neither  does  the  taking  up  of  many  held  ••  indJvid- 

1  tul  claiiDN* 

locations  or  large  areas  by  one  person  or  company  appear  to  be  a  common 
practice.  The  most  extensive  purchases  were  made  in  the  early  days  of  min- 
ing excitement  in  the  country,  under  the  first  regulations  governing  the  sale 
of  mining  lands ;  and  although  frequent  efforts  have  been  made  to  limit  the 
flaies  to  individuals,  they  have  been  fruitless  of  results.  The  regulations  of 
1^3  provided  that  in  respect  of  certain  minerals  an  individual  might  take 
pOjMcoaion  of  a  tract  not  exceeding  400  acres,  and  those  regulations  were  con- 
tiniied  with  various  changes  down  to  1869.  When  the  mining  bill  of  that 
year  was  under  consideration  the  commissioner  of  crown  lands  (Hon. 
Stephen  Richards)  was  asked  if  he  had  any  plan  for  preventing  capitalists 
from  taking  np  large  qoantities  of  territory.  Mr.  Richards  replied  that  he 
had  Boty  and  is  reported  as  saying : 

A  former  government  intrr>dac€9rl  a  p^>licy  under  which  no  one  indiindual  cmhl 
^ke  ap  more  than  one  lot  of  4^J0  acrett.  Thiji  was  evade<l  by  an  individual  taking 
up  other  lots  in  the  name  of  bia  frien'lri.  Not  long  since  a  {flirty  called  at  the 
<^^own  lands  departm*.'nt  who,  I  have  ascertained,  has  thuM  ac<|uired  a  title  t'> 
et^ht  lots. 

A  leading  member  on  the  opposite  side  agreed  with  the  commissioner  that 
^>*mnds  of  this  kind  could  not  be  prevented  by  statutory  enactment,  and  that 
i^  was  idle  to  cumber  the  statute  book  with  provisions  which  were  sure  to  }te 
^v-aded.  Still  it  may  be  urged  that  a  statutory  provision  Uf  limit  the  numl^r 
^^d  extent  of  locations  for  which  one  ijen^m  may  take  out  a  patent  would 
^l^erate  to  prevent  speculation  in  mining  land.?,  especially  if  the  ^ant  was 
^^^de  subject  to  working  coniitions.  Such  minerals  as  cop[^r  and  iron 
^"^cjuire  locations  of  larger  area  than  gold  and  silver,  esf^ecially  where  it  is 
E^^^posed  to  establish  smelting,  treatic;^  or  reduction  works  in  connection  with 
^^e  mines.  It  would  be  necesisary,  therefore,  to  adopt  more  than  one  limit 
^^r  the  varioas  ores,  if  it  was  thought  adviuble  to  fix  a  maximum  area  by 
"^t^tate.  Bot  a  matter  of  perhap*  ^qa%]  imp^^rtarice  is  to  determine  how  small 
^^  area  of  mining  land  one  person  may  a^yjaire  by  purchase  from  the  crown. 
*Xhe  present  law  provides  that  a  locsLtloa.  shall  be  at  least  40  chains  in  length 
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by  20  chains  in  width,  containing  80  acres.  It  has  akeady  been  stated  that 
the  measure,  as  originally  presented  to  the  legislature,  fixed  the  extent  of  a 
location  at  320  acres,  but  that  the  views  of  members  were  met  by  placing  the 
minimum  at  80  acre3.  Two  or  three  members  urged  that  miners  should  'be 
allowed  to  take  40  acres,  and  speaking  to  this  proposal  Mr.  Blake  said  : 

I  am  told  that  a  block  of  400  acres  comprises  the  richest  and  almost  only  pro- 
ductive territory  in  Nevada,  which  produces  from  sixteen  to  twenty  millions  of 
dollars  a  year.  A  very  considerable  number  of  companies  are  working  on  it.  One 
company  has  taken  out  fourteen  millions  of  specie  in  four  years  from  a  ridiculouftly 
small  amount  of  space.  1  believe  the  number  of  explorers  and  the  number  of  per- 
sons to  whom  we  will  have  to  trust  for  the  development  of  our  mining  territory 
would  be  greatly  increased  if  the  proposal  of  the  member  for  Algoma  (Mr.  Cumber- 
land), or  rather  that  of  the  member  for  Noith  Bruce  (Mr.  Sinclair),  which  I  much 
prefer,  to  give  locatit>ns  <»f  40  acres,  were  accepted.*  It  would  greatly  increase 
the  number  of  men  who  will  go  in,  who,  without  having  any  large  amount  of  ca&h 
in  their  pockets,  are  likely  to  display  the  jjreatest  enterprise  in  actual  explorations. 
This  would  be  done  by  giving  greater  facilities  to  this  class  of  men — by  giving  them 
the  ])owcr  to  buy,  in  other  words,  by  giving  them  the  power  to  buy  a  less  quantity 
of  land  than  is  provided  for  in  the  bill. 

There  are  those  who  say  that  th^  occurrence  of  minerals  in  Ontario  is 
not  of  a  nature  to  warrant  the  government  in  permitting  sales  of  small  loca- 
tions, such  as  are  provided  for  in  the  laws  of  British  Columbia  and  the  United 
States ;  but  in  the  light'of  recent  developments  in  the  silver  mining  district  of 
lake  Superior,  and  the  copper  mining  district  of  Sudbury,  it  does  not  seem 
that  a  location  of  2O5  acres  (1,500  feet  by  600  feet)  is  too  small  for  the  carry- 
ing on  of  successful  operations.  Everything  depends  on  the  richness  of  the 
lode  or  deposit,  and  if  the  conveniences  of  the  prospector  or  miner  are  better 
suited  with  the  privilege  of  buying  40  or  even  20  acres  instead  of  the  present 
minimum  of  80  acres,  the  country  stands  to  gain  rather  than  to  lose  by 
accommodating  him  with  the  smaller  area.  It  may  be  assumed  that,  within 
reasonable  limits,  the  larger  the  number  of  mines  with  separate  and  indepen- 
dent owners  there  are  in  operation  upon  each  known  lead,  the  more  satisfac- 
tory will  be  the  progress  of  mining  industry  in  the  country.  But  much  will 
depend  on  the  amount  of  capital  that  the  mine-owner  puts  into  his  business,  and 
the  energy  and  skill  with  which  the  work  is  carried  on.  One  strong  company, 
if  not  hindered  by  a  too  narrow  area,  may  employ  more  men  and  take  up 
more  minerals  than  half  a  dozen  weaker  concerns  ;  and,  providing  that  work 
ing  conditions  are  imposed  and  enforced,  it  does  not  seem  that  a  useful  pur- 
pose can  be  served  by  a  provision  the  effect  of  which  may  be  to  bar  the 
profitable  investment  of  capital. 

The  cost  of  the  survey  of  locations  is  regarded  as  a  grievance  by  some 
prospectors,  more  especially  that  provision  of  the  act  which  requires  that  a 
location  in  unsurveyed  territory  be  connected  with  some  known  point  in 
previous  surveys,  or  with  some  known  point  or  boundary,  at  the  cost  of  the 
applicants.  It  may  happen  that  a  mineral  discovery  is  so  far  distant  from 
previous  surveys  or  other  known  point  or  boundary  as  to  make  the  cost  of 
running  a  connection  line  very  expensive,  and  in  a  case  of  this  kind  the 
practice  of  staking  claims  might  be  recognised  until  such  time  as  the  taking 


*  Mr  Cumberland  had  suggested  the  frub-division  of  locations  inu>  sections  of  80  acre* 
each,  and  this  suggestion  was  accepted  by  the  commissioner. 
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up  of  other  locations  brought  the  cost  of  surveying  a  tie-line,  by  apportion- 
ment, within  the  limit  of  a  reasonable  charge.  It  is  essential,  however,  that 
all  locations  for  which  patents  have  issued  should  be  laid  down  in  the  office 
maps  of  the  territory  in  the  crown  lands  department,  and  no  patent  ought 
to  issue  until  a  survey  is  made  connecting  the  property  with  some  corner  of 
the  public  surveys  or  some  permanent  monument  or  natural  object  The 
applicant  for  a  staked  claim  might  meantime  be  protected  in  his  rights,  with 
leave  to  work  it  upon  payment  of  the  purchase  money  unless  such  work  was 
in  fulfilment  of  the  conditions  for  taking  out  a  patent ;  but  protection  without 
development  ought  to  be  for  a  short  fixed  period.  Ooncession  of  the  right  to 
stake  or  mark  out  locations  in  surveyed  territory  is  a  matter  of  less  conse- 
quence, as  no  difficulty  is  likely  to  be  experienced  in  procuring  surveys; 
still,  if  this  plan  enabled  'prospectors  to  file  claims  with  greater  readiness  and 
certainty,  it  ought  to  be  freely  allowed.  £ither  an  official  survey,  or  such 
other  description  of  the  location  by  reference  to  some  natural  object  or  per- 
manent monument  as  will  identify  it,  might  be  accepted  as  satisfactory  in 
making  the  application  for  a  claim. 

It  is  easy  enough  to  exact  conditions  for  improvement  of  a  location 
between  the  time  of  applying  for  it  and  the  issue  of  the  patent,  and  the  Working  con- 
practice  which  prevails  in  some  coui^tries  of  requiring  an  expenditure  of  a 
specified  sum  of  money  for  labor  each  year  for  a  term  of  years  before  granting 
the  patent  is  commendable.  But  where  land  is  sold  outright,  without  reser- 
vation of  any  kind,  it  is  difficult  to  apply  working  conditions.  And  it  is 
doubtless  true  that  a  very  large  proportion  of  the  mineral  lands  sold  in 
Ontario  during  the  last  forty-four  years  is  held  in  a  state  of  non-development. 
The  owners  cannot  be  forced  to  undertake  mining  operations,  and  prospector^ 
have  no  rights  in  any  discovery  which  they  may  make  upon  the  lands.  A 
number  of  persons  examined  before  the  Commission  have  recommended  a 
change  in  the  law  whereby  parties  holding  mineral  tracts  in  a  state  of  idle- 
ness should  either  be  forced  to  begin  and  carry  on  mining  operations  them- 
selves, or  concede  the  right  of  mining  to  others  upon  a  royalty.  But  both 
of  these  plans  are  open  to  the  objection  of  interference  with  vested  rights, 
and  therefore  contrary  to  the  genius  of  our  legislation.  The  best  and  perhaps 
the  only  remedy  for  the  evil  would  seem  to  be  that  which  has  been  adopted 
in  New  Zealand  and  South  Australia,  viz.,  the  resumption  of  such  un worked  TheNewZe»- 
lands  by  the  government  as  are  believed  to  be  valuable  for  mining  purposes,  AurtnSSk^"*^ 
upon  payment  of  a  reasonable  compensation  and  holding  them  for  re-sale  '•'Q^y- 
subject  to  development  conditions. 

There  are  some  persons  who  favor  a  return  to  the  system  of  reservations 
and  royalties  abandoned  and  made  void  by  the  act  of  1869.  By  that  act  all  ReMrvations 
lands  for  which  patents  had  issued  were  declared  to  be  thenceforth  free  and  *°  "^^ 
exempt  from  every  royalty,  tax  or  duty,  and  the  gold  and  silver  reserved  in 
any  patent  theretofore  issued  were  declared  to  have  passed  with  the  lands  in 
fee  simple  to  the  owners.  The  act  also  declared  as  to  the  future  that  no 
reservation  or  exception  of  gold,  silver,  iron,  copper  or  other  minerals  should 
be  inserted  in  any  ^patent  granting  lands  in  this  province  sold  as  mining 
lands.     Those  interests,  having  been  surrendered  by  the  crown,  cannot  be 
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regained  except  by  purchase  from  the  private  holders,  and  jnstioe  would 
require  the  taking  of  this  step  if  it  was  decided  either  to  reserve  minerals  or 
impose  duties  upon  them  as  conditions  in  the  sale  of  public  <Sr  mining  lands 
hereafter.  To  place  a  burthen  or  a  restriction  upon  the  mining  industry  in 
one  section  of  the  country  from  which  it  has  been  freed  in  another  would  be 
a  fruitful  cause  of  irritation.  But  even  if  the  policy  of  restricting  and 
burthening  the  industry  could  be  generally  applied,  no  one  can  believe  thsU,^ 
greater  activity  would  follow.  One  might  with  as  good  reason  hope  to  see  ^^ 
man's  locomotion  improved  by  attaching  a  cannon  ball  to  each  of  his  legs.  A 
any  rate,  as  long  as  mineral  development  in  Ontario  continues  to  depen 
largely  upon  investments  of  foreign  capital,  and  especially  of  American  capitak 
a  liberal  policy  must  be  followed ;  mining  lands  mu<;t  be  not  less  free 


Theieiuing        than  in  the  United  States,  where  with  the  single  exception  of  New  Yorl 

there  is  neither  reservation  nor  royalty.  So,  also,  as  regards  the  leasing  of 
mineral  lands,  the  influence  of  the  United  States  system  would  make  1*^0 
adoption  well  nigh  impracticable  here. 

Tiie  under^ound  boundaries  of  mining  locations  are  not  fixed  by  tkme 


Underground      law,  and  were  a  dispute  to  arise  great  difliculty  might  be  experienced 
mining  locatiouB  getting  a  decision.     It  IS  only  m  the  case  of  claims  m  mining  divisions  tha»^ 


the  law  pretends  to  say  what  these  boundaries  are,  and  what  it  does  say  is 
mysterious  as  the  utterance  of  an  oracle.  The  act  of  1868  provided  that  '^tlae 
ground  included  in  every  claim  shall  be  deemed  to  be  bounded  under  tb^ 
surface  by  lines  vertical  to  the  horizon;  "  and  while  this  clause  is  retained  mxi 
the  act  of  1869,  another  is  added  the  eflect  of  which  appears  to  be  to  gi"^^^ 
to  the  licensee  the  right  of  following  the  vein  laterally  to  any  workal^l^ 
extent.  "  To  the  depth  to  which  the  same  can  be  worked"  are  the  wor<i» 
used,  but  by  some  lawyers  this  phrase  is  construed  to  mean  only  as  far  as  tb  ^ 
vertical  boundary.  The  liberal  construction  is  doubtless  the  proper  one  ^  o 
the  interests  of  miners. 

In  another  and  more  important  respect  the  act  is  also  defective^  vis-  ' 

Health  and        provision  for  the  health  and  safety  of  miners,  and  security  of  their  claiix^* 

and  «:t'urity  of"  against  employers.     It  may  be  that  the  general  provisions  of  the  Master  9JC^^ 

i^-'elS^^re**    Servant  act,  the  Mechanic's  Lien  act  and  the  Wages  act  afford  sufficiex^t 

facilities  to    mine  workers   in  the  collection  of  wages,  although  there  t^ire 

circumstances   of   mining   employment  which  may   be   thought   to   demaxs^ 

speciKl  legislation.     But  as  regards  the  health  and  safety  of  miners,  little  or 

no  protection  is  afforded  by  our  laws  applicable  to  mining  in  Ontario;  aJO<l 

although  no  law  can  ensure  workmen  against  che  occurrence  of  accidents    ^^ 

the  offt.'cts  of  foul  air,  it  is  none  the  less  necessary  that  every  possible  prO" 

vision  for  their  health  and  safety  should  be  made  by  the  law.     The  Briti'^ 

and  the  New  Zealand  regulations  are  yaluable  models  of  this  kind  of  prot^^^ 

tion. 

If  the  law  also  required  the  owners  of  working  mines  to  make  ye^T^T 
Annual  returns  returns  of  their  operations  to  the  government,  showing  the  extent  of  mmi'^8- 
ment  *'^^®™*    work  done,  the  quantity  and  value  of  ore  or  other  material  raised  or  quarri^ 
the  quantity  shipped  to  market,  the  number  of  persons  employed  and  olasrifi^ 
rates  of  the  wages  paid,  together  with  plans  or  maps  of  the  mines  showiiig' 
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ez&ot  measurements  of  the  work,  it  is  believed  that  a  useful  public  purpose 
woo  Id  be  served  thereby. 

The  prevention  of  forest  fires  is  a  matter  of  supreme  importance  to  the  ronmttirm 
coTixitry,  but,  unhappily,  it  is  one  in  which  the  interests  of  the  general  public  jBg^ricu** 
aaci  of  the   explorers  for  minerals  are  not  identical.     Where   the    land    id 
heskirily  timbered  and  the  soil  covered  with  moss  and  decayed  vegetation,  as 
is  the  case  in   extensive  regions  throughout   the  northern  part  of  the  pro- 
vmce,  it  is  ditticult  to  prospect  for  ore-bearing   veins;  and  although  it  would 
be  unjust  to  charge  explorers  with  purposely  setting  out  fires  for  the  object 
of   facilitating  their  own  quest,  it  is  an  undoubted  fact  that  a  burnt  district  is 
more  easily  searched  than  one  covered  with  primeval  forest.     The  explorer's 
interest  does  not  lead  him  to  exercise  great  care  in  the  prevention  of  fires, 
sad  he  is  more  likely  to  view  their  outbreak  as  a  good  turn  done  to  himself 
rather  than  an  evil  one  to  the  country.     The  law   to  preserve  forests  from 
destruction  by  fire,  being  chapter  213,  R.  S.  O.,   1887,  is  ample  enough  in  its 
provisions  ;  but  it  is  generally  supposed  to  apply  only  to  lumbering  parties 
•nd  railway  companies.     To  remove  this  misapprehension  and  make  the  law  a  8U)fK»*u<i 
known  to  other  parties  whom  it  specially  concerns",  it  is  suggested  that  pros-  ''*'"**^'-' 
P^tors  for  minerals  be  required  to  take  out  an  annual  license  to  explore,  issued 
^7  the  department  or  any  local  land  agency  at  a  nominal  fee  for  a  specified 
^^rritory  and  having  a  copy  of  the  act  attached  thereto ;  and  that  in  the 
^**e  of  a  party  of  explorers  employed  by  any  person,  or  company  of  persons, 
^  requirements  of  section  8  of  the  act  should  apply. 

The  mining  division  system  of  the  present  law  has  failed  so  hopelessly  The  mininir 
itt  practice  that  it  does  not  deserve  serious  consideration  ;  nevertheless  some  ***^*'*'^"  iyutem, 
Stores  of  the  system  are  worthy  of  being  retained  in  the  act,  such  as  those 
^^ich  relate  to  the  inspection  of  mines  and  the  observance  of  conditions  under 
^hich  claims  or  locations  are  held. 

WUliamS.  Gibbon— The  mining  laws  at  present  in  force  I  think  oi)erate  against 
^  poor  prospector,  and  retard  the  development  of  the  country.     I  think  it  would  Encour-urt:  the 
**  wise  to  copy  the  mining  laws  of  the  United  Statea,  and  allow  the  prospector  to  proepeciwr. 
P^^t  down  his  stakes  and  mark   off  so  many  chains  and  reciuire  him  to  do  so  much 
^orlc  every  year.     The  taking  up  of  land  to  hold  for  speculativ'e  purposes  has  just 
^Qinaenced  in  this  section,  and  if  allowed  to  continue  will  tend  to  retard  the  deve- 
JpPment  of  the  country.     1  think  the  proper  remedy  would  be  to  com[)el  the  per- 
''OUnance  of  so  much  work,  say  for  five  years,  and  at  the  end  of  that  time  the 
I^ospector  should  be  given  liis  patent  in  fee  simple  ;  1  think  that  would  be  better 
1^  giving  a  lease,  as  is  done  in  the  case  of  timber  luuds.     If  allowed  to  stake  out 
®J*iin«  as  in  the  United  States,  the  result  would  be  a  great  increase  in  the  number 
***  prospectors. 

^  Thoma9  Frvod — Under  the  present  mininj^  hiws  the  poor  man  is  at  a  dis- 
^*^a*itage;  he  is  re<iuired  to  pay  for  the  lan<l  in  cash  when  he  makes  his  ap])lication, 
^^  Very  few  prospectors  arc  in  a  position  to  do  tli.it.  I  have  had  to  give  away  95 
J^*"  Cent,  of  mineral  land  to  secure  the  other  5  per  cent.  I  think  it  would  be  wise 
^  Plac^  mineral  lands  on  the  same  footing  as  timber  lands.  When  an  explorer 
??^*te8  a  discovery  he  should  send  information  to  the  crown  lands  department  ; 
^^  department  should  then  sen<l  an  expert  to  examine  it,  and  if  the  discovery 
^^^Vedto  be  of  value  the  prospector  should  receive  a  percent jigo  of  what  the  pro- 
•^^ty  gold  for  at  public  auction.     All  mineral  lands  slionld  be  advertisod  Utr  sale 


mineral 

performance  of  a  certain  amount  of  work,  or  if  the  government  thought  proper  a 
loyalty  might  be  paid.     The  same  principle  is  carri^  out  in  regard  to  the  timber 
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Bales,  and  I  think  the  best  possible  prices  are  realised.  In  dealing  with  this  matter 
the  amount  of  purchases  by  companies  should  be  limited.  I  think  more  capital 
would  have  be»  n  iiive^ted  in  the  Sudbury  district  if  speculators  had  not  been 
allowed  to  buy  up  the  land.  I  have  had  no  experience  as  to  the  working  of  the 
American  mining  law,  but  I  think  I  may  add  a  suggestion  to  what  I  have  already 
flmaii  orlMrge  said,  that  the  prospector  should  be  allowed  to  take  up  a  small  quantity  of  land,  say 
locations.  ^Q  or  12  acre**,  instead  of  as  now  being  compelled  to  purchase  bO  or  160.     I  also 

think  it  would  be  well  lor  the  government  to  place  one  officer  with  ajgood  deal  of 
Lo»lftdminia-     authority  at  Sudoury  and  another  at  Poit  Arthur,  to  deal  on  the  spgft  with  ques- 
tions of  title  and  other  matters ;  it  would  save  a  great  deal  ol  trouble,^and  prevent 
a  great  amount  of  litigation  in  the  future. 

Henry  S.  Hedges — I  think  there  ought  to  be  some  change  in  the  law,  so  as  to  pro- 

'i!k'*^**t  UJ       ^®^^  ^^^^  '"®'^  ^^^®  myself.     1  thi  k  the  prospector  should  have  the  right  to  stake 
*  '  out  his  claim,  and  should  be  protected  till  he  has  time  to  purchase  the  property  at 

the  end  of  a  number  of  years,  he  havin<?  to  do  a  certain  amount  of  work. 

James  Miller— 1  think  the  prospector  should  have  the  right  to  stake  out  hi^ 
Prospectingou  claim,  and  hold  it  by  doing  so  much  work  each  year.  I  also  think  it  is  a  mistake 
m^,  ^  to  sell  lai-g  *  trdcts  of  land  to  speculators.     I  do  not  think  it  would  be  unjust  to 

have   the   ris^ht  of  prospecting  on   vacant    private  lands,    the  prospector  in  the 

event  of  making  a  discovery  to  have  a  share  in  the  nnd. 

R,  E.  Bailey — I  live  in  Milwaukee  and  I  am  at  present  and  have  been  for  a 
number  of  years  engaged  in  mining.     I  have  been  prospecting  since  1868,  durin<; 
Protection  for     four  years  of  which  time  I  was  in  South  America — Chili,    Peru,  Equador  and  the 
ihe  pruapector.    United  States  of  Colombia.     I  have  not  been  engaged  in  mining  all  the  time  since 
1868.     By  trade  I  am  a  millwright,  but  I  have  always  been  engaged  setting  up 
mining  machinery.     While  1  was  in  South  America  I  was  exploring.     After  coming 
back  from  there  I  went   to  the  mining  districts  of  Colorado,    Idaho  and  New 
Mexico.     In  every  mining  district  I  have  been  in  I  have  always  done  prospecting 
and  acquired  property.     I  came  here  a  year  ago  on  the  24th  of  July,  and  am  now 
acting  for  the  Algoma  mining  syndicate  and  the  Imperial  land  and  mining  syndi- 
cate, both  of  Milwaukee.     The  mining  laws  here  are  not  fair  to  the  prospector, 
and  some  way  should  be  devised  to  protect  hi'n.     I  .and  should  not  be  sold  to  be 
held  for  speculative  purposes.     Every  man  having  a  claim  ought  to  be  compelled  to 
do  a  specific  amount  of  work  every  year  ;  that,  I  think,  would  be  better  thim  taxing 
mining  land.     The  United  States  mining  law  works  well,  and  might  be  copied  here. 
It  is  necessary  that  ihe  prospector  be  protected,  as  capital  will  not  explore.     There 
is  one  matter  I  would  like  to  menti*>n.     In  regard  to  the  Batchawana  claim,  I  have 
paid  for  the  land  what  the  government  asked.      I  have  employed  a  land  surveyor 
and  paid  him  for  making  a  survey,  yet  they  will  not  grant  me  my  patent  till  I  go 
Ooanectine  »       to  the  expense  of  connecting  that  with  a  point  on  their  survey.     If  I  happened  to 
ocfttion  with  the  be  30  miles  away  from  such  a  point  it  would  cost  about  $3,000.*     If  the  American 
jurJey!"*"**^      laws  were  adopted  and  we  were  allowed  to  stake  our  claims  that  would  be  done 
H  idin  unde-     away  with.     All  properties  around  here  are  undeveloped.     The  development  of  the 
▼eloped  pro-        property  is  what  ^'ivt^s  it  value  ;  I  do  not  therefore  approve  of  holding  undeveloped 
perties  reurds     properties  at  hii^h  prices,  as  it  retards  development.     Seven  or  eight  mining  men 
4u8trv?  ""^  "      came  to  this  place  from  the  Rocky  mountains,  and  went  back  on  account  of  the 
Right oflocation.  mining  laws.     Lands  should  nut  be  allowed  to  be  located  as  mineral  lands  till  the 
prospector  has  made  an  affidavit  that  he  has  found  mineral  upon  them  and  has  pro- 
duced specimens. 

^iieaa  Mrfharlcji —  Xs  the  laws  are  at  present  the  prospector  has  no  protection 
at  all ;  he  is  liable  to  have  his  claim  jumped  before  he  can  secure  it.     There  should 

Speculative  hold-  ^°  *  limit  put  to  individual  sal^s  so  as  to  prevent  the  speculative  holding  of  land. 

ing  of  land.  Some  mode  should  be  provided  whereby  a  prospector  might  find  out  without  delay 
what  lands  arr*  located.  Such  means  should  be  provided  at  the  local  office,  and  as 
soon  as  a  lot  is  tiken  it  should  be  so  marked  at  once  ;  at  present  it  is  very  difficult 
to  find  what  lands  are  t^iken.     A  supply  of  maps  should  also  be  kept  at  the  local 

iiv>nntormatioD'  office  for  sale  at  a  nominal  price  to  those  wanting  theuL  Some  Americans  csme 
hero  and  wanted  to  get  maps,  but  were  unable  to  fi:et  them  and  had  to  pay  s 
surveyor  S"i6  for  what  they  required  ;  that  is  not  right.  Instead  of  allowing  the 
staking  of  claims  along  the  vein,  I  think  it  would  be  better  to  allow  the  prospector 

*  This  entimate  is  doubtless  too  high  :  but  in  a  8r>eech  made  by  Hon.  Stephen  Richards 
in  the  legislature,  December  11. 1868.  upon  the  raining  bill  of  which  he  bad  charge,  he  it 
reported  a<)  saying  that  a  single  line  run  from  Sault  Ste.  Marie  to  Thunder  bay^  at  a  distanoe 
of  about  18  miles  from  the  coast,  had  cost  the  government  from  $40  to  $70  a  mile. — A.B. 
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to  take  up  40  acres  if  he  desires  or  allow  him  to  take  up  as  many  claims  as  he  likes,  small  locationa 

provided  he  does  so  much  work  nu  each  claim  of  40  acies.      It  should  be  compul-  and  cominiisoiy 

sory  to  do  so  many  days'  work  ;  i  doubt  whetlier  it  would  be  wise  ti»  fix  the  amount  o«^®'OP™«"*- 

in  money.     If  a  money  basis  were   adopted   L  think  a  m  .n  t  king  up  IGO  acres 

should  be  compelled  to  expend  at  least  S500  th  •  first  year,  the  expenditure  to  be  to 

the  satisfaction  of  an  officer  of  the  gove:nment  ai)pointed  f«>r  that  purpose.     The 

prospector  should  have  90  days  after  he  has  staked  his  claim  to  secure  the  property ; 

he  should  have  that  time  before  being  called  upon  to  make  any  payment.     Forty 

acres  should  be  the  smallest  and  onf^  hundred  and  sixty  the  lirgest  quantity  of  Und  The  right  efpnw 

sold  to  one  party.     I  think  that  in  the  case  of  lauds  which  are  held  without  being  i^^^-J'^if  priv»*« 

developed  the  prospector  should  have  the  right  to  go  on  them  and  prosp  ct,  and 

have  a  third  interest  in  any  mineral  he  find'*.      The  gov.  rnment  should  lay  the 

country  out  in  mining  districts  after  minerals  have  been  discovered,  and  ihey  should 

then  build   roads  as  they  do  to  encourage  agriculture.    J-^xperts  should  be  appointed  Public  rotda. 

to  decide  what  sections  should  be  laid  out  in  mining  districts.     In  my  opinion 

good  roads  do  m  re  to  develop  the  counti-y  than  «nytliing  else,  and  I  think  the 

government  would  do  better  to  build  rojuU  than  to  bonus  a  railway.     Ameiicans 

do  not  seem  to  like  to  ^o  out  of  their  own  country,  b«it  I  think  they  are  beginning 

to  come  here  ;  one  told  me  the  other  day  that  he  liad  just  put  $25,000  tn  Michipi-  Staking  claims  i» 

coten.      Where  a  prospector  locates  a  claim  over  six  miles  from  a  suiveyed  tovn-  unsu^®^*^ 

ship  he  should  be  allowed  to  stake  his  clanu  and  should  not  be  compelled  to  coi  nt'ct 

with  the  nearest  survey ;  it  is  not  fair  for  one  man  to  have  to  bear  the  expense 

when  others  may  benefit  by  tying  on  to  him. 

Edxoard  NorrU — I  think  the  prospector  should  be  allowed  to  stake  out   his 
claim  as  is  done  in  the  States.    As  it  is  now  a  gieat   many  discoveries  are  made  security  of 
which  never  come  to  light  on  account  of  the  fear  of  being  jumped.       Take  the  case  claimBi 
of  Frank  Vallequette,   who  has  been  exploring  this  district    for  the  last  ten  or 
twelve  years.     He  has  discovered  eight  or  ten  good  things  but  will  not  tell  where 
they  are  because  he  had  a  claim  jumped  once. 

W,  H  Plummer — 1  am  a  merchant  and  have  been  living  at  Sault  Ste.  Marie 
about  twenty-five  years.  I  have  interested  myself  in  mining  mattei*s  somewhat,  ^^"JJpJJPJI^ 
taken  shares  in  them,  assisted  to  develop  them  and  so  •  n.  At  present  I  am  not 
heavily  interested  in  mining  property.  As  far  as  my  judgment  goes  the  Ontario 
mining  laws  are  as  good  as  they  can  be  ;  still  I  think  it  would  encourage  prospect- 
ors very  much  if  the  government  gave  them  an  option,  provided  they  did  hmajidt 
development  work.  I  do  not  think  holders  of  wild  land  would  object  to  ]«rospectors  privau  la&di. 
Koing  on  their  property,  or  would  refuse  to  reward  them  for  anything  they  might 
find.  I  don't  think  the  people  of  this  district  would  object  to  a  law  of  that  kind, 
but  the  prospecting  should  be  done  under  certain  conditions. 

Thomas  A.  Towem — The  government  should  limit  the  quantity  •  f  land  sold  to 
one  party.     As  the  law  now  is  the  prospector  has  to  keep  his  discoveries  very  Prosp^ctotB  aii# 
quiet,  otherwise  he  will  be  jumped.     I  think  he  should  be  allowed  to  stake  out  his  eptcuiator^ 
claim  and  go  to  the  nearest  office  and  secure  his  rights  for  a  time  to  enable  him  to 
find  means  to  purchase  it.     The  whole  of  Denison  township  was  bought  up   by 
parties  in  Toronto  who  never  were  on  the  ground  and  who  knew  nothing  about  it,  «  j     ». 
excepting  the  report  of  the  find  on  Vermilion  location.     T  don't  think  it  is  right  to        * 
allow  that.     If  a  district  is  likely  to  be  a  mining  district  I  think  't   woula  be  rit-ht 
for  the  government  to  run  lines  for  the  prospectors  to  tie  on  to,  and  1  think  surveys 
should  be  made  by  the  government. 

A.  O  Duncan — The  Vermilion  company  oivns  about  2,700 acres  of  land;  2  100 
acres  they  got  from  the  government,  and  the  balance  from  private  parties.      They 
commenced  operations  last  winter,  some  time  in  Januar}'.     I  have  had  no  former  ***"*"*  ***"*^**'^ 
experience  in  prospecting  or  mining.     I  think  if  the  i^overnment  were  to  proclaim 
this  a  mining  district  the  law  would  be  satisfactory,  but  as  it  now  is  1  don't  think  it 
gives  satisfaction.     Where  a  large  quantity  of  land  is  being  hel  1  prosi)ectors  should 
be  allowed  to  go  upon  it  and  develop  it  on  a  royalty.       The  prospectors  themselves 
seem  to  favor  the  American  law,  and  say  they  would  preft-r  to  be  allowed  to  stake 
out  their  claims.     The  holding  of  large  quantities  of  land   is  detrimental   to  the  lAnr*  holdings 
interests  of  the  country,  and  as  far  as  I  am  individually  concerned   1    would  not  *"*"i"p.^  *'**•' 
object  to  a  law  allowing  the  prospector  to  go  on  all  lands  so  held  and  work  ihem  on  "* "  "*^  °  "*  ^^ 
payment  of  a  royalty.    Many  people  come  into  the  country,  but  finding  the  land  all 
taken  up  they  go  away  and  do  not  come  back  again  at  all. 

Henry  Ranger — The  laws  are  not  altogether  fair  to  the  prospector.     T  think  he  ciaim-jumpin^ 
should  be  allowed  to  stake  out  his  claim  and  be  given   a  reasonable   time  before 
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having  to  pay  for  the  land.     I  speak  from  experience,  having  had  a  claim  jumped 
before  I  could  manage  to  secure  it. 

B.  E.  CharlUm — Our  company  has  adopted  the  policy  of  encouraging  prospeC' 
tors  by  allowing  them  to  work  under  a  royalty,  the  rate  cf  the  royalty  being 
determined  by  the  circumstances.  The  mining  laws  are  satisfaccoiy  as  far  am  we 
are  concerned.  To  work  a  copper  mine  takes  a  great  amount  of  capital,  and  there- 
fore a  large  quantity  of  land  is  necessary  in  order  to  be  able  to  do  anything.  In 
the  case  of  free  gold,  it  could  of  course  be  developed  with  a  small  capital.  1  do  not 
think  however  that  it  is  in  the  interest  of  the  country  that  largo  amounts  of  land 
should  bo  tied  up  by  one  company.  I  think  it  would  be  a  wise  provision  to  prevent 
the  taking  up  of  mineral  land  till  mineral  is  shown  to  exist  upon  it.  It  would  be 
well  to  devise  some  judicious  means  of  preventing  the  tying  up  of  land. 

Jamrs  Stobie, — I  live  in  the  township  of  Johnston,  district  of  Algoma.     I  hav 
had  experience  in  mining  and  have  been  engaged  in  exploring  in  this  district  fo; 
the  last  three  years.     I  am  interested  in  the  Dominion   mine  and  am  a  sharehold 
in    the  Veruiilion.     I  do  not  think  the  mining  law  is  fair.     As  it  is  at  present  th 
whole  of  Denison  is  taken  up  and  is  being  held  by  speculators.    I  think  it  would  1 
to  the  interest  of  the  countiy  if  the  prospector  had  the  right  to  go  on  land  so  held. 
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and  if  he  makes  a  discovery  an  interest  should  be  given  him.     In  granting  a  pateiil 
of  agricultural  land  the  same  right  should  be  reserved  to  the  prospector.      Such 
alteration  in  the  law  would  tend  to  encourage  prospecting  and  develop  th«  countr^s 
I)orhai)s  more  than  anything  else.     At  present  the  prospector  is  at  the  mercy  of  th< 
cji[>it;iiist.     Some  way  should  be  devised  to  protect  him  till  he  lias  had  a  reasonabli 
time  to  acquire  the  property.     The  (juantity  of  land  sold  to  one  i>arty  should  b« 
limited.     In  the  case  of  iron  more  land  should  be  allowed,  as  more  is  required  foi 
works,  etc.  ;  but  on  all  lands  sold  the  government  should  insist  upon  development 
If  the  law  compelled  owners  of  i>roj)erties  to  work  them  I  don't  think  the  h<ddin| 
of  large  tracts  would  interfere  with  development,  but  if  n  t  worked  the  laud  shoulc^»»^ 
be  open  to  prospectors   and  if  anything  was  found  the   discoverer  should   have 
stilted  interest  in  it. 

Hubert  Hetl^eij-  I  think  there  should  be  some  law  compelling  the  holders 
land  to  develop  it,  and  if  they  did  not  comply  with  the  conditions  the  land  should*'. 
revert  to  the  government. 

Jnfni  Babcorl:  —Thv  mining  law  does  not  give  the  prospector  fair  play.    He  h 
to  keep  his  tind  very  <iuiei   and  h;is  to  give  a  man  the  big  end  to  secure  it  for  hii 
The  prospector  should  lie  allowed  to  stake  out  his  claim.       Under  the  present'  lai 
I  iiave  known  a  man  to  have  three  claims  jumped.     There  should  be  a  local  oi 
where  the  prospector  could  register  his  claim,  and  also  where  a  man  could  find  oi 
what  lots  have  been  sold.     The  size  of  a  copper  claim  should  be,  I  think,  about 
acres.     For  gold  and  silver  the  claim  should  be  100  by  200  feet. 

Robert  MrConnack — On  gold  and  silver  veins  the  prospector  should  be 
to  stikke  his  claim  ha  is  done  in  the  States  ;  he  should  do  so  much  work  and  at 


end  of  live  years  be  entitled  to  his  patent.     For  copper  and  iron  the  claims  shou^^^Hld 
be  from  160  to  320  acres. 

Charles  KHtyh — I  think  the  mining  law  should  be  so  amended  that  the 
l)ector  might  be  allowed  to  stake  out  his  claim  as  is  done  in  the  States,  he  to 
certain  amount  of  work  every  year. 

P.  C.  Campbell — The  present  mining  law  is  not  satisfactory  ;  there  is  not  any  pi 
tecticm  for  the  prcispector  at  all.  The  man  who  makes  a  discovery  has  to  make 
afhdavic,  and  the  man  before  whom  he  makes  it  may  telegraph  to  a  friend  inToroi 
and  have  the  location  taken  up  for  himself.  I  would  sugg*^ st  that  the  prospector 
allowed  a  certain  time  to  secure  his  location,  that  he  be  obliged  to  do   a  ce 
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amount  of  work,  and  that  while  he  is  doing  the  work  no  one  be  allowed  to  buy  t  "'"^ 
locaticm  over  his  head.  The  prospector  should  have  the  right  to  go  on  all  Isir  "'^ 
held  for  speculation  and  should  have  an  interoi^t  in  anything  he  might  find,  or  "^ 

allowed  to  work  it  on  a  royalty.  I  think  it  would  he  right  and  fair  to  give  t.  "^^ 
present  h(»l«lers  of  land  !i  certain  time  to  explore  and  develop  their  lands  befc:^^'* 
such  a  law  sii'  uld  be  put  in  f<n*ce. 

Dr.  Eihrard  Pctern — Tn  regard  to  the  mining  laws,   I  think  the  proepec^^^w* 
should  be  allowed  to  stake  out  his  claim,  as  in  the  Sttites,  he  to  do  certain  impro*^^^ 
ments  ;  or  perhaps  it  would  be  better  it  he  had  to  do  so  many  days  work  before    ^ 
became  entitled  to  get  his  patent. 
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Francis  Sperry — The  burning  of  the  timber  is  injurious,   as  it  is  a  very  im-  p^tcction  of 
portant  thing  in  mining.     I  think  as  a  rule  prospectors  are  very  careless  about  fire,  timber  in  min- 
out  1  dou*t  say  that  they  burn  the  bu^h  purposely  to  expose  the  rock.      To  carry  e™l  district*, 
on    mines  like  those  of  the  Canadian   Copper  company  it  is  a  necessity  that 
they  should   have  large  quantities  of  land.      Mining,    to  be  carried  on  success- 
fully, requires  a  large  amount  of  capital. 

Francis  Andrews — The  destruction  of  the  forest  by  fire  is  a  disaster  ;  it  will 
increase  the  cost  of  timber,  and  is  therefore  a  serious  injury  to  the  mining  industry.  ^JJJSllJto''  *"** 
I  know  that  as  a  rule  prospectors  are  not  very  careful  about  fire,  but  I  don't  think  P"*?**^*** 
they  would  fire  a  woods  on  purpK)8e.  1  think  that  unless  persons  holding  land 
employ  so  many  men,  or  expend  so  much  each  year  in  wages,  they  should  be  taxed 
for  improved  land.  Such  legislation  as  that  would  prevent  the  tying  up  of  whole 
sections  of  the  country.  The  prospector  should  be  allowed  to  stake  out  a  claim  of 
SO  acres,  or  at  the  outside  160,  and  he  should  be  compelled  ^  do  so  much  work 
every  year.  I  don't  think  the  occurrence  of  minerals  here  is  favorable  for  the 
staking  of  claims  on  the  vein.  I  think  the  miners  should  have  the  right  to  take 
tim^r  of  small  size. 

8,  J.  Dauscyii—  In  the  dry  season  when  the  mosquitoes  are  bad  prospectors 
sre  in  the  habit  of  making  smudges,  and  I  think  are  not  very  careful  about  putting  protection 
them  out,  and  that  causes  many  fires.     As  a  country  becomes  settled  it  is  well  to  against  forest 
pass  very  strict  laws  as  to  the  setting  out  of  fire,  but  in  the  case  of  prospectors  it  is  fl'**- 
A  difficult  matter  to  deal  with.     The  only  thing  to  be  done,  it  seems  to  me,    is  to 
have  them  thoroughly  instructed   in   regard  to  the  danger,  and  create  a  public 
foeling  against  carelessness.     In  some  instances  prospectors  have  no  objection  to 
fire,  as' it  uncovers  the  rock,  and  they  have  been  known  to  start  the  fire  for  that 
purpose.     Where  fire  is  set  out  in  that   way  there   should  be  some  punishment 
awarded,  but  the  great  difficulty  would  be  to  ascertain  whether  it  was  set  out  pur- 
poaely  or   whether  it  was  an  accidental  fire.     I  would  consider  that  if  a  prospector 
'W'ent  away  leaving'  his  camp  tire  burning  he  was  guilty  of  criminal  carelessness.      I 
do  mot  think  the  mining  laws  of  Ontario  can  be  improved,  except  as  to  the  taking  Limiting  the  tixe 
ttp  of  large  blocks  of  land,  which  I  think  has  a  tendency  to  prevent  development,  o'  locations  and 
*iici  to  keep  out  bona  fide  miners.      It  is  difficult  to  say  what  the  limit  should  be,  ISopmeSt.  ^ 
^iit  whatever  is  set  led  upon  it  should  be  compulsory  to  do  a  certain   amount  of 
"•''ork,  failing  which  the  land  should  revert  to  the  government.     I  think   a  quarter 
•action  would  be  a  fair  l»mit.  but  for  wood  supplies  I  would  not  limit  them  to  less 
^H<^n  400  acres  :  too  small  a  li- hit  would  be  injurious.      I  don't  think  the   staking  ^>»^**««- 
<>ut  of  claims  would  do  well  in  quartz  mining,  and  I  don't  believe  it  would  work 
^ell  here.     I  do  not  approve  of  a  royalty  ;  1  think  a  royalty  of  five  per  cent,  would 
put  a  stop  to  mining. 

ThofMu  Marks  — I  think  our  mining  lavis  are  about  as  good  as  we  can  make 
tliem ;  I  do  not  think  we  can  improve  them  by  making  any  change.  I  think  where  ^^^^^  ^"^ 
'^o  pine  exists  the  burning  of  the  forest  does  no  harm  ;  in  fact  I  think  it  does 
8ood  ;  the  second  growth  soon  springs  up  and  is  quite  as  good  as  the  original  forest. 
^  would  prevent  the  burning  of  the  pine  as  far  as  possible.  I  would  put  it  in  the 
't^^rket,  and  it  would  soon  be  cut  and  run  down  the  rivers.  Nearly  all  our  agricul- 
^*4ral  lands  here  are  cleared  after  the  fire  has  run  through  and  it*is  hard  to  get  men 
^bij  will  go  in  and  clear  the  heavy  forest.  Except  for  the  loss  of  the  pine  the  tire 
doei  very  little  harm.  The  second  growth  is  finer  than  the  first,  and  takes  only 
*^ut  eight  or  ten  years  to  grow  up. 

Peter  McKellar — l  think  the  minin;^  laws  are  good.  I  do  not  think  it  would 
*^  ^ise  to  compel  people  to  work  their  lanH  ;  it  is  quite  enough  to  have  to  pay  the  Sinfn»  Unds. 
P''e8ent  taxes.  I  am  interested  in  about  10,000  acres,  the  tax  on  which  is  one  cent 
P®*'acre.  There  is  plenty  of  country  that  has  not  been  explored,  and  in  that  the 
t^^|>ect<)r  might  bn  allowed  to  stake  out  his  olaiui  as  is  the  practice  in  the  States. 
P^^  I  think  the  present  tax  is  sullicient  to  prevent  persons  buying  land  and 
'^^Iding  it  for  speculation.     Lots  of  the  land  is  every  year  sold  for  taxes. 

-  IFUliam  Margach — The  Americans  who  come  to  my  office  are  willing  to  pay 
^  their  land,  and  express  them-clves  satisfied  that  it  will  equal  the  country  south 
j!*  the  boundary'.  The  land  on  the  south  side  of  the  boundary  is  homestead,  and  The  United 
^^^y  have  to  get  a  man  to  live  on  it  a  certiiin  length  of  time  to  get  a  patent.  At  giJ^,J*****'^ 
^^  present  time  you  will  see  between  Eji^sswood  lake  and  Tower  a  number  of 
Jhantiei  that  have  been  abandoned  ;  the  windows  and  d(X)r8  of  all  are  the  same,  so 
*nat  they  may  be  removed  and  put  into  another  shanty.  The  parties  occupying 
^"^9  just  a  uttle  clearing,  so  that  they  can  swear  they  have  made  the  improve- 
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ments.  I  am  supposed  to  locate  mining  land,  but  I  guess  thoy  sometimes  get  the 
start  of  rae.  They  have  twelve  mouths  under  the  fr*  e  >;rant  system  during  which 
the  government  can  do  nothing.  I  think  there  should  be  some  alteration  in  the 
Land  within  law.  Along  the  Whiteiish  valley  there  is  some  good  land,  and  in  the  niidsfc  of  it 
Whiteflsh  valley.  ^^^^^  jg  ,uj,jing  land ;  part  of  that  is  a  free  grant  district.  The  township  of  O'Connor 
is  free  grant,  and  also  half  of  the  township  of  Gillies  ;  the  south  half  of  that  town- 
ship is  reserved  for  mining.  T  don't  know  of  any  case  as  yet  where  wrong  has  been 
done  by  holding  large  quantities  of  land.  It  would  be  an  advantage  if  the  govern- 
ment required  development  to  be  done  on  all  land  taken  up. 

Minejjl  J»n^  William  Plummer — In  regard  to  the  mining  laws,  large  tracts  of  land  should 

held  fo  "specula-  ^^^  ^  allowed  to  fall  into  the  hands  of  persons  to  be  held  for  speculation  ;  it  locks 
Won.  up  the  property  and  stops  prospecting.     The  prospector  should  be  allowed  to  stake 

his  claim  as  is  the  case  in  the  States. 

More  protection  Jamen  Conmee — I  think  the  mining  laws  should  be  modified.     More  protecticn 

for  the  prospee-  should  be  given  to  the  prospector.  He  should  be  allowed  to  stake  out  his  claim  and 
should  be  given  a  reasonable  time  to  secure  it.  The  amount  of  land  sold  to  one  party 
should  be  limited,  or  the  tax  should  be  increased  so  as  to  force  those  holding  on 
speculation  to  sell  or  develop  their  property.  I  think  it  would  be  well  for  the 
government  to  requirn  the  prospector  to  do  a  certain  amount  of  work  each  year 
as  is  done  in  the  States. 

W  lliam  Murdoch—  1  think  the  law  should  be  so  altered  as  to  compel  every 
holder  to  expend  S500  on  his  location.  I  do  not  think  it  would  do  to  charge  a 
royalty  ;  that  would  act  as  a  damper. 

W.  E.  Lairil — I  resided  here  from  1879  till  last  November,  and  am  still 
interested  in  quite  a  number  cJf  mining  properties.  1  think  the  mining  law  should 
be  so  amended  as  to  compel  people  to  do  improvements  from  year  to  year,  say  for 
three  or  four  years,  till  they  got  their  patents.  Perhaps  if  people  wanted  to  buy 
they  should  be  allowed  to  do  so  on  payment  of  $5  or  ^6  an  acre.  If  they  were 
forced  to  spend  $500  or  $600  it  would  prevent  the  holding  of  locations  for  specula- 
tion. It  might  be  better  to  compel  the  doing  of  so  manv  days  work  instead  of 
expending;  so  much  money.  In  making  surveys  the  government  should  put  in  iron 
posts,  as  there  has  been  a  deal  of  trouble  around  here  on  account  of  a  gre^t  many 
of  the  posts  getting  burned.  Something  should  also  be  done  to  prevent  the  burn- 
ing ot  pine. 

William  Riissell — As  it  is  I  think  the  explorer  is  protected  to  a  great  extent  by 

the  department,  but  I  think  a  time  limit  should  be  arranged  for  the  prospector  to 

A  time  limit  for  ^*^"''®  ^^*  location.     Fifteen  days  should  bd  allowed  him  to  tile  his  claim,  and  a 

the  prospector    single  location  should  be  forty  chains  on  the  course  of  the  vein  as  far  as  the  vein 

to  file  iiis  claim,  ^j^,^  \yQ  enclosed.     The  prospector  should  be  required  to  mark  two  or  three  trees, 

putting  the  date  upon  them,  and  should  refer  to  those  trees  in  his  application  ;  he 

should  then  be  protected  for  a  reasonable  time.     I  do  not  think  one  man  should  be 

allowed  to  hold  more  than  one  claim. 

D.  F.  Bnrk^ — The  mining  law  of  Ontario  has  locked  up  a  great  deal  of  territory. 
There  are  about  800  silver  locations  taken  up,  and  it  is  doubtful  if  30  of  them  are 
being  worked.  I  think  it  would  be  well  to  have  the  law  about  the  same  as  in  the 
United  States  ;  that  would  protect  the  prospector  and  do  justice  to  the  capitalist 
Iron  stakes  should  be  put  down  at  the  corners  instead  of  wooden  ones  as  now ; 
there  is  great  ditiiculty  in  finding  the  stakes,  and  it  would  save  people  thousands 
upon  thousands  of  dollars  in  the  future. 

W.  N.  Mmitifortiery — The  American  mining  laws  would  be  better  for  the  poor 
man ;  the  law  here  is  first  rate  for  people  that  have  money,  but  it  is  plain  to  be 
seen  that  it  operates  altogether  in  favor  of  the  rich  man. 

Henry  Bothvell — The  prospector  should  be  allowed  to  stake  out  his  claim,  and 
I  think  the  claim  should  be  about  half  a  mile  on  the  vein  and  about  200  or  3u0 
feet  wide.  Ho  should  be  compelled  to  do  certain  development  work  every  year ; 
$100  a  year,  as  in  the  States,  would  I  think  be  about  reasonable.  Spt  culators 
should  not  be  allowed  to  take  up  large  tracts  for  speculation.  It  is  often  very 
expensive  to  get  surveys  made,  and  I  think  the  government  should  do  the  survey- 
ing.    It  would  be  a  good  plan  to  survey  the  townshii^s  as  they  are  being  prospected. 

T.  H.  Trcfhe.wey — I  do  not  think  the  mining  laws  are  satisfactory.  The  law 
should  be  so  that  if  after  the  lapse  of  a  certain  period  of  time  a  certain  amount  of 
work  was  not  done  the  land  should  revert  to  the  government,  and  the  patent 
should  not  be  granted  till  the  required  amount  of  work  was  performed.     It  would 
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be   periiaps  as  good  if  the  ^<ivemment  leased  the  land  at  such  a  rental  that  holders 
would  have  to  work  it  or  throw  it  up.     As  it  is  uow  nearly  the  whole  country  is 
bought  up  and  held  on  si>eculatiun.     The  adoption  of  the  Ameiicjin  law  allowing 
the  8  a-<ing  of  claims   would  answer  I  think,  provide<l  the  Ideations  could  not  be  SpecolatiTe 
beld  without  bein^'  worketl.      People  here  are  asking  from  $tl,00()  to  $100,000  for  hoWinga 
their  locations  and  there  is  not  one  dollar's  worth  of  work  d«me  on  them. 

Dviican  McEacheu  —The  prosjwctor  under  the  present  law  is  not  fairly  treated. 
The  law  shou  d  \>e  altered  so  iis  t»  allim-  him  a  reasona))le  time  to  secure  his  claim.  JfewSS^SJ^*^ 
The  laud  shouM  not  l.c  allowed  to  get  into  the  hands  of  spec  lators.  The  prospector  reMurable  time 
ihuuld  be  allowed  t»»  stake  his  claim  an  1  shim!;!  have  a  tixed  time  to  perform  a  *y  .•®*^*"^ **** 
certain  amount  <»f  wnrk.     1  am  satisfied  with  our  law  if  the  jumping  of  claims  could  *'    ™' 
be  prevented. 

Ambrose  i.\in'fte — I  like  the  present  ininini;  law.  hut   1  think  the  i>oor  man 
should  have  tiine  to  secure  his  claim. 

Wedpole  HiAami — I   think    the  iniiiing  laws  are  satisfactory,  except  that   the 
government  sho  Id  make  more  extensive  surveys  in  the  mineral  I »elta.     Atprestnt„ 
it  is  often  a  hardship  on  the  j>uor  man  to  get  hi?*  claim  surve^-ed.     The  running  •  f  a  nUneiiut  Mt^.^ 
north  and  south  line  and  an  east  and  west  line  would  answer.     The  blocking  out  of 
the  land  as  in  the  North-west    would   do.     Iron  posts  should  be  put  (lo»*n  as  great 
trouble  is  caused  by  tlie  wiMKlen  ones  beinji;  destroyed  by  fire.     The  government 
could  nise  the  i)rice  of  th"  land  and  so  pay  for  the  j<tin-eyin-.'.     1  do  not  think  I 
would  allo^v  the  prosoector  to   st-ike  our  his  claiiu  :  he  should  be  allowed   to  pre- 
empt for  a  certain  time,  an  I  if  he  ha<l  not  tloue  his  amount  r»f  work  by  that  time  it  ^-«™pt»*»n  ** 
ihould  then  revert  to  the  government.     Nut  tie  should  in  any  case  be  given  till  the       "**" 
imount  of  work  is  done. 

Jokn  K.  JVrujhf — I  am  veiy  well  satisfied  with  the  provisiims  of  the  Ontario  ,^^. 

mining  a':t      The  only  fault  1  have  to  find  with  it  is  tint  it  is  t  'O  liberal  in  allow-  ^"^^  **"* 

ing  parties  to  acquire  a  tc>o  large  area  of  territory'  if  they  can  i>ay  for  it. 

Geoige  Mitchell — I  'hink  the  mining  act  should  he  amended  so  as  fo  limit  the 
•Tea  which  could  be  taken  up  by  one  party.     Under  this  change  tie  country  would  ?™*^*thc^tfh' 
he  more  thoroughly  prf>spected  than  it  now  is,  and  especiiilly  would  this  be  the  pnLpe^^T^ 
CMeshouhl  successful  development  ensue  in  the  district. 

A.  R.  C.  Sdinnt — I  think  the  regulations  as  to  the  sale  c»f  mineral  land  in 
Ontario  are  very  bad  ;  the  selling  of  large  blocks  of  land  is,  I  think,  wrong.  It  _^  ^^  ^ 
pawes  the  land  into  the  hands  of  speculators.  It  would  be  well  to  limit  the  amount,  ^dftioiM?*  . 
^d  no  land  should  be  sold  as  nining  land  unless  a  vein  or  ^'ther  workable  deposit 
)»*8  been  found  o  •  it.  The  limit  should  depend  upon  the  extent  of  the  deposit  that 
V  going  to  be  worked.  I  would  accomjiany  the  sales  by  conditi<  ns  as  to  working 
that  could  m^t  be  evaded.  It  would  i>erhaps  be  better  to  give  the  land  to  anyone 
^h'l  would  undertake  to  develop  it.  I  would  allow  an^'one  who  was  willing  to 
work  to  acquire  the  right  to  do  so  at  a  nominal  price,  but  the  conditions  as  to  work- 
ing it  [  wc>ul  I  make  very  strict.  The  quantity  of  land  would  not  so  much  matter 
|f  the  Condi' ion4  for  working  it  bore  some  rehition  to  the  extent  of  the  area  ;  the 
^'ger  it  is  the  more  work  that  shouM  be  required  to  be  done.     1  would  not  allow 

ir.n^**'  ^'^  ^^'^  ^**^  ^^'^  ^  ^'*^  copper,  galena,  iron   and  other  minerals.     I  think 
I''0  acres  is  quite  sufficient  for  any  mine  ;  f<ir  gold  and  silver  1  do  not  think  m)  Area  of  mineral 
^"ch  is  required,  but  purchasers  should  have  enough  for  the  neces-ary  buildings,  ^""^ 

wmber,  roads,  etc.     It  would  be  a  g4K.d  regulation  to  allow  no  laud  to  \m  taken  up 
,  .*  'mineral  vein  has  been  'liscoveied  upon  it.     I  have  heard  a  great  many  com- 
P"*^,  and  I  see  myself  that  the  Bystun  of  buying  up  large  tracts  on  speculation  claims  should 


^J*    operated  very  injuriously.      1  think  mining  [iroperties  are  held  too  high  and  ^^^JJ'^^l***' 
til  tends  ttj  retar  I  development  ;  r»f  course   I  have  no  personal  knowledge  *       ""*^  * 

*^  **Uch  is  the  result,  but  that  is  what  I  have  heard.     All  mineral  claims  should 
•^^r  b^  worked  or  abandoned. 

x^       ^.  y.  IVriijIif — I  am  p«  rfectly  sfiti^lied  with  the  Ontario  mining  law.      I  think,  size  of  locations 
W^Yer,  there  shouM  be  a  limit  to  the  amount  allowed  one  party  ;  that  limit  would  should  be  fixed 
,  ^^  to  be  fixed   by  cinnnnstancea.      I   do   no*:  think  it  is  right  that  one  iKjrson  gtancSL*" 
fi  ^^^  ^  allowed   to  buy  up  a  whole  section  of  the  country'.     I  think  if  a  man 
^^s  a  vein,  and  it  turi.s  out  richer  further  on,  he  should  have  the  right  to  tiike  up 
^  fcher  part ;  he  should  have  the  right  to  pre-empt  another  claim. 

B.  T   A.  Bell — The  Mining  He  view  receives  reports  from  Port  Arthur,  Sudbury, 
*^ke-of- the- Woods,  Madoc,  the  Perth  district,  the  K.&  P.  district,  the  Ottawa  valley  Agrowingderire 
•lid  the  petroleum,  salt  and  g>'psum  district>«.     There  is  a  growing  desire  for  iuf orma-  ^^'  information. 
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tion  in  conuection  with  luining  matters,  as  is  evidenced  by  the  increaaing  namber'  «, 
our  subscribers  and  the  increasing  number  of  people  asking  for  information  abc^of 
mineral  lands  in  Ontario.  The  collection  of  mmerals  sent  to  Cincinnati  by  tibe 
Ontario  government  did  a  great  amount  of  good  in  this  regard.  The  distribution  of 
inform:itioii  on  mining  matters  is  of  vital  Importance  to  the  mining  interest.  It 
attracts  the  attention  of  parties  in  the  United  States  and  Great  Britain,  i  nd  even  in 
Germany.  I  think  our  mineral  lands  should  be  reserved  by  iho  cruwn.  I  think 
the  present  system  of  selling  lands  unconditionally  is  opix>sed  to  the  development 
of  the  country.  Dev^elopment  to  a  certain  extent  every  year  should  be  compulsozy. 
Any  mining  regulations  which  permit  the  itcquisition  and  control  of  large  areas  of 
land  upon  payment  of  a  merely  nominal  price  is  undoubtedly  a  most  favonble 
arrangement  for  capitalists  and  speculators,  but  it  is  one  which  is  in  every  seme 
opposed  to  the  best  interests  of  the  people  at  large.  At  present  extensive  dutricti 
are  locked  up  in  a  few  hands  and  no  one  is  permitted  to  operate  upon  them  unlets 
he  can  afford  to  purchase  the  land  at  an  immense  advance  upon  its  cost.  Everyone 
who  has  tiied  to  influence  capitalists  to  invest  in  mining  ventures  knows  how  eiiy 
it  is  to  raise  mining  capital  alone,  compared  w  ith  obtaining  money  for  a  scheme 
weighed  down  with  a  [)reliminary  purchase  of  land»  often  at  ten  times  the  sum 
required  for  actual  operations.  In  our  phosphate  district  cases  are  found  where 
lands  originally  purchased  from  the  government  for  a  few  dollars  per  acre  Iwre 
been  resold  at  $10,  $100,  and  as  high  as  8400  an  acre.  One  tract  of  land  bought 
for  §5,«i00  was  resold  for  81(5,000,  then  at  81()0,(>00,  and  part  of  it  again  for  8450,- 
000.  The  interest  on  such  large  sums  tends  greatly  to  discoumgo  in^  estment,  and 
the  usual  failure  of  mining  entt^rprises  loaded  with  such  a  weight  of  dead  outbiyii 
the  most  serious  check  on  the  development  of  the  mining  industries.  If  capitiUsti 
were  permitted  to  le-iseupon  royalty  just  so  much  land  as  they  could  work  and  on.) 
for  such  periods  as  they  continued  to  work,  and  if  the  poor  prosjwctor  could  Iwte 
the  area  on  which  he  had  made  a  valuable  tind  and  be  at  no  expen.«e  beyond  the 
cost  of  working,  then  we  should  see  a  vast  increase  in  mining  matters  ;  the  revenre 
from  royalties  would  be  a  constant  and  important  pource  of  income,  and  the  people 
would  cease  to  barter  away  their  natural  rights  for  a  paltry  mess  of  pottage. 

John  Stewart — In  a  country  where  there  are  minerals  it  is  neccfsaiy  todiride 
the  mineral  and  the  farming  interests.  In  selling  lands  the  minerals  should  he 
reserved  for  the  use  of  miners.  A  man  should  bo  allowed  to  locate  his  claim  ss 
under  the  American  or  Dominion  lands  system  ;  he  should  be  required  to  do  a  ce^ 
tain  amount  of  work  every  year,  and  after  a  certain  time  he  should  get  a  twenty-five 
yeais  lease  with  th(^  option  of  a  renewal  for  a  further  term  of  twenty-five  years  at 
a  certain  royalty.  If  the  minerals  were  in  the  hands  of  the  government  we  would 
be  dvaling  as  a  ruh*  with  gentlemen,  and  not  with  farmers  or  speculators,  8i»me  oi 
whom  are  i  elated  to  the  species  hog  !  The  location  of  a  mineral  claim  should  he 
uiiule  first  <^»n  the  j^round  by  the  discoverer  or  prospector,  and  then  in  the  local  land 
office.  It  should  be  measured  on  the  length  of  the  vein,  say  about  1  500  feet,  the 
boundaries  being  parallel  with  the  walls  of  the  vein.  The  discoverer  shtmld  he 
allowed  to  take  two  claims  adjoining  each  other.  The  miner  should  have  the  rijiht 
to  follow  his  vein  by  continuous  wt)i kings  wherever  it  goes,  as  is  the  case  in  the 
western  states  and  «)n  British  crown  lands.  To  show  the  injustice  of  not  being 
allowed  to  follow  the  vein.  I  may  mentiim  the  case  of  a  Scotch  company  having 
purchased  a  property  and  spent  8500  000  on  it.  It  was  found  that  the  vein  dipped 
at  an  angle  into  the  adjoining  f)roperty  ;  this  property  was  secured  by  another  party 
who  stopped  their  working.  He  then  leased  the  works  of  the  Scotch  company  and 
continued  the  work.  The  Scotch  capital  was  in  this  way  driven  out  of  the  countij- 
Several  Ontario  mines  are  in  similar  condition  <m  this  account.  Tlie  selling  « 
minerals  with  the  soil  is  bad  ;  the  mineral.^  should  be  reserved  by  the  government. 
If  a  man  buys  th«^  land  there  is  no  reason  why  he  should  get  the  minerals  toa  ^ 
a  man  buys  or  leases  for  iron  ore,  the  gold,  silver,  copper  and  other  ores  and 
minerals  should  be  reserved.  In  the  case  of  iron  the  location  should  be  larger.  1** 
regard  to  lands  already  patented,  my  idea  is  that  »n  act  should  be  passed  toenahw 
an  ex]>lorer  to  locate  a  c'aim  wherever  minerals  are  if  the  owner  wi'l  not  work 
them,  he  paying  the  owner  a  royalty  of  pay  »  per  cent,  and  2i  per  cent,  to  the 
government.  Com])anies  ho'ding  a  large  area  should  be  compelled  to  take  a  fix*d 
royalty  as  stated,  or  be  ff)rcod  tu  work  the  mineral  properties.  In  Norway  and 
Sweden  the  law  is  this  way,  and  no  property  there  need  remain  un worked  because 
the  owner  will  not  work  it.  I  cannot  say  whether  the  government  there  originally 
sold  the  land  in  fee  simple.  I  do  not  think  that  what  I  have  suggested  would  be 
an  injustice,  as  when  selling  the  land  the  government  got  nothing  for  the  minerals; 
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it  would  be  a  just  law  and  would  be  no  more  than  a  tax  raising  revenue  for  the 
promotion  of  the  mining  interest.  It  would  not  be  confiscation  ;  the  government 
would  not  resume  possession  of  the  land,  and  the  owner  would  be  paid  a  royalty. 
Tha  law  that  tends  to  the  development  of  the  country  is  the  best  law  we  can  have  ; 
it  ia  in  the  interest  of  the  community  generally.  Confiscation  at  the  death  of  the 
owners  would  not  be  so  uniuat  as  the  present  system.  Where  government  reser- 
vation exists  the  mining  industry  prospers,  and  where  there  is  no  compulsory 
development  it  does  not.  In  the  west  it  has  prospered  because  the  miner  has  had 
to  spend  3100  a  year  in  work  to  hold  his  claim  ;  but  it  is  found  there  that  when  condiUona. 
once  the  patents  are  issued  they  hold  the  lands  on  speculation  and  don't  work 
them  ;  hence  the  lease  system  is  in  the  interests  of  labor  and  dovelopment. 

A.  J.  Cattatui'^h — I  do  not  think  that  the  policy  of  selling  large  blocks  of  land 
has  retarded  development  or  has  hindered  prospectors.     As  our  mining  law  has 
been  since  1868  the  governor  in  council  can  proclaim  a  mining  district  and  appoint  Mining  district*, 
inspectors.     Under  that  law  they  did  proclaim  the  Thunder  Bay  district  and  Mr. 
.  Borron  was  appointed  inspector.     Under  that  law  all  a  prospector  had  to  do  was  to 
«take  out  his  find,  he  had  the  right  to  prospect  on  any  government  land,  and  it  was 
the  license  inspector's  duty  to  give  him  a  certificate  on  payment  of  a  fee  of  $5,     He 
could  then  renew  his  certificate  from  year  to  year  on  payment  of  a  fee  of  $6,  and  go 
on  taking  out  the  mineral  without  paying  any  royalty  or  purchase  money  or  any- 
thing except  this  $6  a  year.     At  the  present  time  the  government  can  proclaim  any 
district,     in  the  Thunder  Bay  case  the  prospectors  did  not  avail  themselvo'^  of  the 
provisions,  and  at  the  rec^uest  of  Mr.  Borron  himself  the  office  of  inspector  was 
abolished.     He  did  not  care  to  hold  the  office   as  he  was  not  issuing  any  licenses. 
All  that  would  be  necessary  to  put  that  law  into  force  would  be  to  appoint  an 
inspector.      I  think  it  would  be  well  after  lands  have  been  patented  five  years,   if  Prospecting  on 
the  owners  do  not  develop,  that  any  person  should  be  allowed  to  go  on  them  to  private  lAnds. 
prospect.     I  do  not  think  such  a  law  should  apply  to  lands  already  taken  up  as  it 
would  be  an  interference  with  vested  rights,  and  would  tend  to  frighten  foreigners 
who  supply  nearly  all  the  money  that  is  spent  in  mining.     There  should  be  a  fair 
arrangement,  wherever  the  principle  could  be  applied,  by  which  the  discoverer  and 
the  owner  might  be  both  protected.     It  is  a  very  difficult  matter  to  deal  with ;  but 
I  think  it  might  be  done  by  giving  the  discoverer  the  right  within  a  limited  time 
^say  a  year)  of  working  the  find,  subject  to  the  payment  to  the  owner  of  25  per 
cent,  of  the  profits  if  the  owner  did  not  exercise  the  option  of  working  it  himself 
within  the  same  time  and  giving  the  discoverer  the  same  percentage  of  profits  — 
oither  of  them  being  at  liberty  to  take  up  the  work  on  his  own  exclusive  account  if 
the  other  discontinued  work  under  circumstances  which  would  forfeit  a  chim  under 
the  general  mining  laws.     I  think  the  system  of  taxation  has  been  an  utter  failure  The  taxation 
in  regard  to  the  development  of  mining  properties,  and  the  legislature  iu  1886  system, 
recognising  that  fact  passed  an  act  reducing  arrears  fifty  per  cent,  and  future  taxes 
from  two  cents  to  one  cent  an  acre.     The  statistics  show  that  only  a  small  portion 
of  the  taxes  are  realised  at  tax  sales  ;  only  about  one-third  or  one-fourth  of  the 
actual  amount  of  taxes  is  obtained  from  the  Pale  of  the  lands.     I  do  not  think,  as  I 
have  said,  the  sale  of  large  blocks  of  land  has  retarded  development,  and  I  think  it  not^bje^on"* 
should  be  continued.     I  have  had  some  experience  of  the  difficulty  of  getting  money  able. 
for  mining  operations,  and  I  suppose  one  of  the  reaf^ons  for  wishing  to  have  larg9 
propei-ties  is  that  the  chances  for  getting  money  will  be  better.     When  mineral  is 
discovered  all  the  adjoining  land  is  taken  up,  and  the  same  motive  operates  with 
those  who  put  money  into  mining.     I  think  on  the  whole  that  more  good  than  harm 
has  been  done  by  the  sale  of  large  blocks.     The  lic^'nse  system  has  proved  altogether 
a  failure  in  this  country.     Since  1869  we  have  had  two  systems  in  operation — the  j,^   license      d 
license  system  and  the  system  by  which  a  person  can  buy  outright.     Everyone  ^aie  in  fee  simple 
wants  to  buy,  and  the  conclusion  is  that  the  license  system  is  not  considered  the  systems, 
best  by  practical  men.     I  would  permit  purchase  of  land  without  limit  as  to  extent, 
but  with  provisions  as  to  development. 

William  Ward — I  think  it  is  the  duty  of  the  government  to  get  the  best  price 
it  can  for  the  land.  I  do  not  think  the  prospector  is  at  a  disadvantage  ;  the 
department  gives  him  reasonable  protection.  I  think  that  under  the  present  law  Conditions  of 
he  is  fairly  treated  and  protected,  but  I  do  think  it  is  a  mistake  to  sell  large  blocks  development 
^thout  some  condition  as  to  development.  If  the  government  laid  it  out  as  a 
mineral  country  it  would  only  be  a  proper  thing  to  have  it  sold  by  auction,  as 
timber  limits  are. 
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Arthtr  Harvey — I  think  the  mining  laws  are  satisfactory  as  they  are.  It  migiit 
be  well  that  a  man  should  be  allowed  to  take  40  Dcres  if  he  did  not  wish  to  tue 
80  acr  s,  but  80  acres  at  $2  an  acre  is  a  very  small  thing.  The  government  might 
adopt  a  liberal  j)o'icy  with  prospectors — say  the  prospector  to  pay  a  deposit  (^  60 
cents  an  acre  anc  do  a  certain  woik  each  a  year.  I  would  put  the  price  of  minenl 
land  at  85  an  acre  and  spend  the  money  on  mineral  development.  As  a  geoend 
thing  I  think  the  pro8peot<»r  is  fairlj'  rewarded  for  his  work. 

(.'.  J.  Pu.Hcy — I  have  no  suggestion  to  make  in  regard  to  any  changes  io  the 
miniu'j:  laws.  1  believe,  however,  that  the  iron  locations  should  not  be  treated  u 
those  of  the  precious  metals  ;  it  would  not  be  wise  to  limit  them  to  a  small  area. 

ir.  If.  JVylii' — The  government  should  encourage  prospectors;  if  thej  find 
anv  mint  nil  tliey  should  bo  able  to  si'cure  it  without  having  to  bay  iho  property. 
As  it  is  now  the  properties  are  often  jumped  before  they  can  secure  the  r  findi. 
My  idea  is  that  they  should  be  allowed  U>  stake  out  their  claims. 

E.  W.  liathhuu — I  thinU  the  Ontario  government  is  doing  all  possible  to  pK- 
ven  waste  of  tim>)er  by  tire,  bj'  not  allowing  settlers  to  go  on  land  that  is  rot  fifr 
for  8t  tt lenient.  1 1  is  good  policy*,  and  to  the  interest  of  the  lumberman,  tohavegocd 
settlors  on  land  that  is  litted  for  farming.  I  think  the  government  is  doing  itibeft 
to  husband  the  timber  and  prevent  tires. 

H.  C.  Jipties--!  reside  in  Toronto,  but  have  had  ex{)erience  in  gold  andolTir 
mining  in  California.  1  do  not  consi<ler  that  our  laws  are  calculated  to  promotetbe 
development  of  mining.  In  California  and  Nevada  it  is  not  necessary  for  the 
prosi>ec:<»r  to  go  to  the  expense  of  getting  a  sur\'eyor  ;  he  can  stake  out  hie  "'^ 
claim.  I  think  we  sliould  have  laws  similar  to  those  of  the  United  States.  1  think 
the  law  here  tends  to  prevent  prospect-ors  getting  a  fair  chance.  As  a  geneiil  role 
ihey  cannot  pay  for  the  land.  In  California  if  the  explorers  had  to  pay  (2  an  loe 
anti  tjike  up  s  niurh  land  they  would  not  have  done  anything.  I  would  propoie  to 
allow  th»^  miners  of  a  district  to  meet  together  and  make  such  laws  as  they  deemed 
pr()per  ;»s  t<»  the  size  of  the  claim  and  so  forth,  and  that  the  custom  of  the  miner* 
should  become  the  law  of  the  state.  Large  blocks  of  land  should  not  be  sold;  ^ 
feet  on  the  vein  is  sufficient  for  a  gold  mine.  If  large  blocks  are  sold  the  v^ 
should  be  acct»mj)ai^ied  with  conditions  as  to  work.  I  think  the  prospector  ahonld 
n(»t  have  t'»  pay  anythinj;  ;  it  is  enough  for  him  to  go  into  the  bush  and  work.  A 
claim  should  not  be  more  shan  300  leet  on  the  lode,  but  a  man  might  purchase  ai 
much  as  he  liked  afterward  pioviding  a  certain  quantity  of  work  was  done  on  each 
claim. 

J.  F.  Lnilmer — 1  think  the  prospector  should  bo  allowed  to  take  up  at  leait 
one  locatifHi  without  j)aying  for  it  inmiediately.  Or,  if  he  chose,  he  should  have 
the  'ight  to  pay  10  cents  an  acre  till  he  wis'ied  to  take  a  title  and  )>ay  for  the  land. 
1  think  the  l<>catio  ■  should  be  about  80  acres.  He  should  have  the  right  to  stake 
out  his  claim,  numbering  his  sta,kes  so  that  a  survey  could  be  made  at  a  future  tune 
startnig  from  stake  No.  I.  He  should  be  allowed  to  hold  that  by  paying  10  cen'» 
an  acr.i  each  ye.ir  rill  he  was  in  a  position  to  purchase  it.  I  should  say  t3ie89acrei 
should  be  laid  out  as  the  government  lays  it  out  now.  Thrt  sale  of  largo  blo<*» 
sh«»uld  not  bw  allowed.  excc[)t  perhaps  in  the  case  of  iron.  I  cannot  say  whether 
takin-^  8  )  acres  would  bo  more  satisfactory  than  a  location  1,500  by  600  feet  «n 
tbe  ven.  The  advantiige  of  making  it  80  acres  is  that  the  country  would  notbeio 
muih  cut  up. 

E.  B.  fiorro^i — The  provincial  legislature  enacted  in  1808  what  was  called  the  Guk* 
and  Si  Ivor  Mining  act.  This  measure  wjis  repealed  the  following  }ear,  and  theOei*' 
eral  Mming  act  w;is  .substituted.  Under  this  act  the  lieutenant-governor  incoun^ 
cm  declare  any  tract  of  country  a  mining  division  and  appoint  an  inspector.  Th* 
nor  h  slioTe  »>f  Like  S  iperior  from  Slate  island  to  Pigeon  river  and  from  theooai^ 
n  Ttliward  au<l  westward  to  the  height  of  land  was  declared  a  mining  diTiD^**** 
and  caUed  the  lake  Sui)erior  mining  divisicm,  and  on  the  17th  May  I,*** 
appoint  mI  inspector.  Under  the  terms  of  this  act  mineral  lands  might  eitb^ 
bi;  b  »uglii  from  the  crown  unc(mditi(mally  or  could  be  occupied  and  worked 
as  mining  claims  under  miner.s'  licen.ses  and  subject  to  various  condition** 
As  inspector  I  was  to  grant  and  renew  miners'  licenses  on  payment  of  »  ^•J 
of  $5  ;  to  keep  a  book  call  d  a  re^^ister  of  mining  licenses  and  another  call^^ 
a  regist  r  of  nunin.;  cl  ims,  the  latter  of  which  was  to  be  open  to  in8j)ection by  aOj 
]»orson  on  pauut-nt  of  t\  tee  (►f  20  cents.  I  became  ex  officio  justice  of  the  P***l 
and  was  given  such  additional  powers  as  would  enable  me  to  settle  summaruy  ill 
disputes  bet>\'ecn  licensees,  as  tj  the  existence  or  forfeiture  of  mining  claims,  the 
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extent  of  the  boundaries  thereof,  the  use  of  water,  and  generally  to  settle  all 
difiic  .Ities  between  licensees  which  might  arise  under  the  act.     Only  some  fifty  or 
sixty  miners'  licenses  were  issued  during  the  four  years  I  was  insptic  or,  and  very 
few  minin;^  claims  were  registered.     Most  of  those  who  took  out  miners'  licenses 
did  so  in  order  to  gain  time  to  survey  and  purchase  the  land.     Thus  the  act,  which 
was  really  an  experiment,  proved  a  f  lilure,    and  in  1873  I  resigned.       No  other 
inspector  having  been  since  appointed,  these  pro  visit  ms  of  the  mining  ace  are  prac- 
tically inoperative.     I  consider  the  mining  \&wb  of  Ontario  a-*  liberal  as  those  of  any  Explorew. 
other  civilised  country.     There  are  classes  of  men  specially  interested  in  mining, 
and  it  is  in  the  power  of  the  government  to  do  somethiut;  to  the  benefit  and  advan- 
tage of  each.     First  we   have  the   explorers,  who   however  important  are  gener- 
ally poor.      These  men  should  have  every  reasonable  facility  afforded   them  for 
carrying  on  their  explorations.     They  should  be  able  to  obtain  good  maps  showing 
as  much  as  is  known  of  the  geology  of  the  country,  at  a  cheap  rate.    1  have  already 
pointed  out  that  the  system  under  which  miners'  licenses  were  issued  was  a  f.iilure. 
It  remains,  therefore,  for  the  government  to  make  the  regulations  under  wh4ch  the 
explorer  c  in  buy  or  otherwise  secure  the  land  on  which  he  discovers   niinera  s  of 
value  as  liberal  as  possible.     I  am  of  opinion  that  the  provisions  in  the  act  of  1869  g^j^^j  location* 
will  admit  of  some  amendment  favorable  to  the  poorer  class  of  prospectors.  I  think  and  terms  of 
the  explorers  should  be  allowed  to  buy  locations  of  40  acres  in  the  tuiveyed  or  ■aletoexploww 
unsurveyed  territory,  instead  of  a  minimum  of  80  acres  as  at  present.      The   price 
of  land  in  the  unsurveyed  district  should  be  less  than  in  the  surveyed,  and  if  the 
location  be  not  more  than  40  acres  he  should  be  allowBd  to  stake  it  out  himself,  as 
was  the  case  in  regard  of  mining  claims.     The  explorers  should  not  be  required  to 
pay  the  whole  price  for  the  land  cash  down  on  applicati*  n,  but  should  l^e  allowed 
to  pay  one-fourth  or  one-fifth  only  of  the  purchase  mcmey,  and  given  the  privilege 
of  throwing  it  up  altogether  at  the  end  of  a  year  if  the  vein  when   t-sted  proved 
worthless.     The  explorer  should  be  able  also  to  enter  and  purchase  his  location  at 
the  nearest  crown  land  office.     To  prevent  the  evils  arising  from  the  acquisi  ion  of  around  rente. 
large  tracts  of  land  for  the  purpose  of  speculation  I  suggested  to  the  commissioner 
of  crown  lands  over  twenty  years  ago  the  desirability  of  imposing  a  ground  rent  of 
not  less  than  ten  cents  an  acre  on  all  mining  locations  sold  after  that  date.      This 
would  have  hardly  been  felt  when  included  in  the  working  expenses  of  a  mine,  and, 
as  proved  by  the  large  number  of  locations  which  have  been  abandoned  as  the 
result  of  a  tax  of  two  cents  an  acre,  it  would  have  proved  a  remedy.     I  am  inclined 
to  think  that  with  the  exception  of  a  very  small  sum,  say  25   cents  an  acre  on 
application,  it  would  be  better  if  the  equivalent  required  for  grants  of   mineral 
lands  were  in  the  form   of  a  ground    rent,  perpetual  or  for  99  years  as  deemed 
best.     I  would  not  consider  25  cents  an  acre  per  annum  at  all  too  much.     It  would 
not  in  my  opinion  discourage  either  exploration  or  legitimate  mining  operations,  Assaying  of 
and  would  yield  a  permanent  revenue  to  the  province.      It  is  of  some  importance  "P**^*™*"* 
that  explorers  and  others  should  be  able  to  get  specimens  assayed  with  as  little 
delay  and  at  as  reasonable  a  charge  as  possible,  but  I  do  not  see  that  the  {govern- 
ment can  do  anything  in  the  matter.     If  the  science  masters  in  the  collegiate  and 
high  schools  in  or  near  the  mineral  districts  were  selected  with  reference  to  their 
competence  in  this  branch  of  chemistry  they  might  be  able  to  make  assays  of  the 
more  common  ores  at  a  reasonable  charge,  and  thus  meet  the  wants  of  the  explorers 
to  that  extent.     Generally  the  explorer  sells  his  discovery  to  the  capitalist.    In  the  Middlemen, 
aale   he   is   usually   assisted  by   middlemen,  whom   he   is  obliged   to   employ  or 
take  in  as  partnets.     These  middlemen  are  for  the  most  part  shrewd  and  keen,  but 
not  always  honest  and  honorable  men.      Against  the  danger  of  being  beguiled  into 
paying  an  extravagant  price   for  a  poor  location  or  mine  the  government  can  do 
nothing.     As  under  any  circumstances  other  than  those  which  may  and   I   believe  Sent^of^'capiuJ' 
would  follow  from  commercial  union,  the  amount  of  capital  available  for  the  devel- 
opment of  our  mineral  resources  will  be  very  limited.     It  is  of  the  greatest  conse- 
quence that  this  capital  shall  be  invested  m  the  most  promising  mines.       Every 
failure  t  nds  to  frighten  away  capitalists,   while  every  rich  dividend  paying  mine 
attracts  them. 

jBT.  p.  Mcintosh — It  would  be  a  great  mistake  to  change  the  mining  laws  so  as  «...       j. 
to  allow  parties  t  >  stake  claims,  as  it  would  be  a  fruitful  source  of  annoying  litiga- 
tion.    The  government  should  not  sell  lands  in  less  amounts  than  it  now  does,  and 
there  should  be  no  reservation  of  minerals.     The  good  title  now  received  from  the 
government  is  the  one  thing  favorable  to  those  who  risk  their  money  in  mining  Good  title. 
enterprises,  and  any  change  is  likely  to  be  in  the  nature  of  complications. 
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C.  S.  Morris — Under  the  present  law  I  think  the  prospector  is  protected  in 
all  his  rights,  and  I  have  yet  to  learn  of  an  instance  where  oe  has  been  wronged. 
Capita]  needs  to  Capital  is  very  hard  to  get  to  develop  mining  properties,  and  1  think  it  is  mi>8t 
be  encouraged,  important  to  do  all  possible  to  induce  investment.  All  the  prospector  can  do  is  to 
find  the  mineral  ;  ho  stops  there  ;  it. is  capital  that  has  to  take  the  risk  and  go  on 
and  develop.  I  have  had  considerable  experience  of  the  difficulty  of  raising  n^oiiej 
to  develop  property.  I  have  made  a  good  many  sales  in  the  States.  In  the  case 
of  a  silver  property  I  sold  a  company  was  organised  with  a  capital  of  $2,000  ()>  0. 
That  property  has  been  worked  to  some  extent.  I  do  not  see  any  uett^ssity  for  any 
cliango  in  flio  mining  l.uvs  ;  restriction  of  areas  and  c<anpul8or\'  work  would  lead 
to  evasion.  The  opening  up  of  roads  in  the  back  country  v.-mild  be  a  j^reat  boon. 
I  also  think  that  it  might  be  well  to  simplify  tije  Joint  :'tock  act  as  regards  mining 
companies. 

Frederick  Miller — In  regard  to  the  mining  law^  1  think  those  of  Germany  are 
Oennan  mining  the  best.  By  obtaining  permission  from  the  government  a  man  can  go  on  any 
^""^  person's  property,  and  in  case  he  cannot  agree  as  to  the  amount  to  be  paid  with  the 

proprietor  the  government  Fteps  in  and  the  matter  is  settled  by  arbitration.  In 
my  experience  of  fifteen  years  I  never  had  any  trouble  with  the  owners;  they  w»re 
always  glad  to  make  an  arrangement.  The  owner  is  allowed  a  royalty  or  interest, 
and  the  government  retains  two  per  cent,  in  kind.  In  the  sale  of  the  land  the 
minerals  were  originally  reserved  in  Germany: 

W.  H.  L.  Goi'doii — We  do  all  we  can  to  encourage  prospectors  on  the  Cana- 
dian Land  Emigration  Co.'s  property.  We  tell  them  the  price  of  the  land  before- 
hand and  they  can  go  on  and  explore.     If  they  find  anything  they  will   not  have 

Proflpectoraon    a^jjy  more  to  pay,  and  if  they  find  nothing  they  will  not  have  anything  to  pay  ut. 

'^  I  have  no  doubt  the  company  would  be  willing  to  give  prospectors  a  half  inten-rt 

in  anything  they  four  d.  We  would,  of  course,  charge  more  for  a  phosphate  lot 
near  the  railway  than  for  one  twelve  or  fifteen  miles  back.  I  think  it  would  be 
about  right  to  allow  a  half  interest  in  any  find,  but  the  prospector  should  be  com- 
pelled to  work  it.  I  am  of  course  stating  my  own  view,  and  do  not  wish  to  be 
understood  as  speaking  for  the  company.  1  think  it  would  be  worth  while  to  give 
a  half  interest  to  get  our  minerals  developed,  but  I  do  not  consider  that  the  govern- 
ment should  give  the  prospector  the  right  to  go  on  private  land  without  compensa- 
tion. 


SECTION  V. 

ON    THE    SMELTING   OF   ORES    OF   ECONOMIC    MINERALS 

IN    ONTARIO. 

The  parable  of  the  wicked  and  slothful  servant  who  hid  his  lord's  money 
in  the  earth  instead  of  putting  it  to  the  bankers  seems  to  find  a  life-like  illustra- 
tion in  the  record  of  the  mining  and  metallurgical  industries  of  Ontario.  The  .  ^ 
preceding  Sections  of  this  report  are  replete  with  evidence  of  the  large  and  failures, 
varied  mineral  wealth  of  the  province,  as  also  of  the  unsavory  fact  that,  how- 
ever much  is  hidden  in  the  earth,  little  has  been  taken  out  or  "  put  to  the 
bankers.''  Still  less  savory  is  the  fact  that  in  the  smelting  of  economic  min- 
erals we  have  to  show  for  the  most  part  only  a  record  of  failures.  Of  the 
eight  or  nine  ventures  made  up  to  the  present  time,  five  of  which  were  iron 
furnaces,  only  one  survives,  the  furnace  for  reducing  copper  and  nickel  ores 
at  Sudbury,  and  it  has  been  in  blast  only  a  few  months  ;  the  others  are  in 
ruins.  The  slothful  servant  in  the  parable  had  his  one  unused  talent  taken 
from  him  and  given  to  the  faithful  servant  who  used  his  five  talents  in 
trade  to  gain  another  five.  That  appears  to  be  the  lesson  of  all  history,  and 
the  moral  is  so  plain  that  the  blind  may  read  it. 

IRON   SMELTING. 

The  first  iron  furnace  in  this  province  was  erected  about  the  year    1800 
in  the  northern  part  of  the  township  of  Lansdowne,  in  the  county  of  Leeds,  Afamacejin 
at  the  falls  of  the  Gananoque  river.     The  ore  used  was  of  inferior  quality  and        ^^^^^y- 
had  to  be  drawn  a  considerable  distance,  and  after  two  years'  trial  the  enter- 
prise was  abandoned.     An  attempt  was  made  to  cast  such  hollow- ware  as  pots 
and  kettles  for  the  use  of  settlers,  but  that  also  proved  to  be  a  complete  failura* 

Thirteen  years  later  one  John  Mason,  an  Englishman,  started  to  build 
the  second  blast  furnace,  his  object  being  to  smelt  the  bog  ores  in  the  county 
of  Norfolk.  The  site  chosen  was  on  the  shore  of  lake  Erie,  at  the  mouth  of 
a  small  living  stream  known  as  Potter's  creek  in  the  township  of  Charlotte-  tk  k  rmMi 
ville.  The  creek  was  large  enough  to  furnish  all  the  power  required  to  drive  <^J« '»»'"•«•• 
the  machinery,  and  the  lake  was  convenient  for  shipping  the  product  to  any 
ports  along  its  shore.  But  Mr.  Mason  had  many  difficulties  to  meet  and  over- 
come. Neither  the  necessary  materials  nor  the  skilled  labor  were  obtainable, 
except  at  large  cost,  and  the  plant  when  completed  was  rude  and  primitive,  f 


•The  furnace  was  erected  by  a  company  composed  of  Epbraim  Jones,  Daniel  Sherwood 
Samuel  Barlow  and  Wallac^  Sutherland,  and  the  location  was  known  as  Furnace  Falls,  now 
Lyndhurst.  In  the  Geological  Survey  report  for  the  year  1851-2  Alexander  Murray  states 
that  the  ore  used  was  a  **  scaly  red  iron  ore,"  and  was  obtained  on  lot  25  of  the  lOtb  conces- 
ffion  of  Bastard,  **but  the  quantity  in  the  locality  worked  was  not  sufficient  to  give  a  profit- 
able result." 

t**  I  want  five  or  six  pieces  of  cast  iron,  each  30  c wt.,"  he  wrote  to  Robert  Gourlay  in  1817. 
'*  These  will  come  to  an  enormous  expense.  I  intended  to  ask  government  to  give  or 
lend  me  six  disabled  cannon  for  this.  I  asked  government  to  pav  the  passage  of  five  or  six 
families  from  Ent^land  to  work  in  the  furnace.    This  could  not  be  granted,  and  therefore  I 
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iron  from  bog 
ore. 


And  misfortune  followed  to  the  end,  for  the  furnace  had  only  made  a  tew 
tons  of  pig  iron  when  the  inner  lining  gave  way  and  the  enterprise  was 
given  up  in  despair.  Mr.  Mason  soon  afterward  sickened  and  died.  The 
property  renmined  going  to  decay  until  1820,  when  it  was  bought  by  the  late 
Jo8e]>h  YanNorman.  In  March  of  the  following  year  Mr.  YanNorman 
formed  a  partnership  with  Messrs.  Hiram  Capron  and  George  Tilson,  and  in 
Manufacture  of  1822,  after  an  expenditure  of  $8,000,  the  furnace  was  blown  in.  The  ore 
supply  was  found  within  a  range  of  twelve  miles  and  was  drawn  to  the  fur- 
nace with  waggon  teams,  the  daily  consumption  being  about  nine  tons,  which 
yielded  an  average  of  three  tons  of  pig  iron  of  excellent  quality.  The  fur- 
nace was  in  blast  eight  or  nine  months  each  year,  producing  700  or  800  tous 
of  iron  with  a  consumption  of  charcoal  fuel  equal  to  4,000  cords  of  hardwood. 
There  was  however  no  sale  for  pig  iron,  and  the  whole  of  it  was  made  into 
various  kinds  of  castings,  shipped  to  ports  along  the  lake  shore  from  Fort 
Erie  to  Amherstburg,  and  taken  into  the  interior  by  teams  to  find  a  retail 
market.*  In  this  way  the  new  settler  was  furnished  with  sugar  kettles  and 
potash  kettles — the  latter  for  manufacturing  the  only  article  of  export  for 
which  payment  was  received  in  cash.  There  was  little  money  in  the  country 
in  those  days,  and  business  was  carried  on  by  the  exchange  of  commoditieB. 
What  the  farmers  of  the  district  had  to  sell  was  brought  to  the  furnace  and 
exchanged  for  the  wares  or  due-bills  of  the  company.  Due-bills  for  iron 
were  used  as  a  kind  of  circulating  medium  over  a  large  section  of  the  pro- 
vince, and  at  one  time  the  books  of  the  establishment  showed  an  amount  of 
over  $30,000  outstanding.  When  the  home  market  became  overstocked  the 
firm  exported  its  manufactures  to  Bufialo,  and  one  ship-load  of  stoves  and 
other  castings  was  sent  to  Chicago.  Joseph  YanNorman  was  the  managing 
partner  of  the  company,  and  gave  the  name  of  Normandale  to  the  locality 
where  the  business  was  carried  on.  After  five  or  six  years  he  bought  oat  the 
interest  of  Messrs.  Capron  and  Tilson  and  took  in  his  brother  Benjamin,  who 
retired  a  few  years  afterward ;  and  from  that  time  until  the  furnace  was 
shut  down  in  1847,  owing  to  the  scarcity  of  ore  and  fuel,  the  business  was 
conducted  in  the  name  of  J.  YanNorman  &  Son.  The  enterprise  appears  to 
havt^  been  sa^^aciously  managed  from  first  to  last,  and  Mr.  YanNorman  made 
a  fortune  which  he  lost  els'i where,  f 


Nature  of  the 
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would  not  ask  for  the  cannon.  Another  thing  against  me  irt,  that  there  is  not  a  man  lo  the 
country  that  I  know  of  capable  of  working  in  the  furnace.  But  the  greatest  difficulty  I  have 
to  overcome  is  iron-men,  as  wc;  call  them,  are  the  very  worst  sort  of  men  to  nuuuffe, 
colliers  not  excepted.  Not  one  of  a  hundr^  of  them  but  vdH  take  every  advantage  of  iv 
master  in  his  power.  If  I  have  just  the  number  of  handn  for  the  work,  every  one  of  thnn  will 
know  that  I  cannot  do  without  every  one  of  them  ;  therefore  every  one  of  them  will  be  my 
master." — Statistical  Account  of  Ui)per  Canada,  vol.  i,  p.  826. 

*\Vhat  old  resident  of  the  lake  Erie  counties  does  not  remember  the  YanNormaa  stove, 
that  warmed  the  country  stores  and  bar-rooms,  and  school  houses  and  township  l>%j|f  of 
forty  or  fifty  years  a<<o  ?  And  the  plate  of  the  YanNorman  stove  was,  saving  in  finish,  such 
as  one  never  sees  in  the  stove-plate  of  to-day. 

fGr.  R.  YanNorman,  Q.C.,  of  Brantford,  who  several  years  ago  furnished  the  writer witb 
a  memorandum  prepared  by  his  father  concerning  his  operations  at  Normandale,  Marmoffmaod 
Houghton,  f^ye  also  some  interesting  information  relative  to  an  economic  invention  used  st 
an  early  period  in  the  Normandale  works.  It  is  not  claimed  that  Mr.  YanNorman  was  tbs 
original  mventor  of  the  hot-air  blast,  which  was  patented  by  J.  B.  Neilson  of  Glawow  in 
18^,  but  that  he  used  and  applied  it  without  a  knowle^  of  Neilson's  invention.  ••  f  think 
there  is  reason  for  limiting  his  claim  to  this  extent,"  his  son  says,  *'  he  invented  an  oven  for 
the  double  purpose  of  heating  the  blast  and  roasting  the  ore."  Bog  iron  ore  contains  a  Isifs 
amount  of  moisture,  and  unless  it  is  dried  or  roasted  before  being  put  into  the  fiimaos  la 
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A  blast  furnace  was  erected  on  the  Crow  river,  township  of  Marmora, 
aboat  the  year  1820  by  Mr.  Hayes,  to  treat  thd  magnetic  ores  of  what  is 
known  as  the  Big  Ore  bed  at  Biairton  on  Crow  lake.      Little  seems  to  be  The 
known  of  this  enterprise  except  that  Mr.  Hayes  lost  heavily  by  it,  and  that  *"'"•• 
the  property  passed  into  the  hands  of  Hon.  Peter  McGill  of  Montreal,  the 
principal  creditor.      In  1828  the  legislature  appears  to  have  been  asked  by 
Mr.  McGill  for  aid  to  carry  on  the  works  in  the  shape  of  a  loan  of  £10,000, 
and  in  1831,  upon  the  petition  of   Messrs.   Hetherington,  McGill  and  Mana- 
ban,  an  act  was  passed  to  incorporate  the  Marmora  Iron  Foundry.     In  1 839 
commissioners  were  appointed  by  the   government  to  enquire  into  the  prob- 
able cost  of  transferring  the  penitentiary  from  Kingston  to  Marmora,  and  the 
terms  upon  which  the  Marmora  iron   works   could   be  purchased,  the  object  (»iiu 
evidently  being  to  utilise  the  labor  of  convicts  in  the  mining  and  smelting 
industry.     But  nothing  came  of  the  efforts  to  interest  the  government  in  the 
company's  affairs,  and  the  business  was  carried  on  at  a  heavy  loss.     Mr.  Yan- 
Norman  was  induced  to   purchase   the  property   in   1847   for  the   sum    of 
$21,000,  after  closing  down  the  furnace  and' works  at  Normandale.     In  the  ^■^^<"™^'* 
fall  of  1847  he  moved  to  Marmora,  and  after  expending  a  large  sum  in  fitting 
np  the  furnaces,  putting  in  machinery,  ovens  and  blowing  apparatus,  erecting 
and  repairing  buildings,  cutting  cordwood  and  making  charcoal  for  fuel,  he 
got  the  furnace  started  in  the  summer  of  1848.      But  the  amount  of  iron 
produced  from  a  given  quantity  of  fuel  was  a  sad  disappointment,  and  nothing 
but  disappointment  and  loss  attended  every  effort.     After  the  iron  was  made 
it  had  to  be  carted  a  distance  of  thirty-two  miles  to  Belleville,  over  rocks  and 
log-crossings  and  roads  so  rugged  that  waggons  were  constantly  breaking,  and 
the  shoes  of  the  horses  were  pulled  off  between  the  logs  and  stones.    The  ob- 
stacles were  such  that  it  was  found  impossible  to  bear  up  under  them,  and  a  new 
route  was  tried.     A  road  nine  miles  long  was  built  from  the  ore  bed  on  Crow 
lake  to  Healy's  falls  on  the  Trent  river ;  a  steamer  on  the  river  carried  the  pig 
iron  to  Rice  lake,  and  thence  it  was  carted  twelve  miles  to  the  dock  at  Cobourg. 


extra  quantity  of  fuel  is  required  to  smelt  it.      "By  constructing  a  set  of  brick  ovens  or  cham- 
bers at  the  level  of  the  charging  door  and  connecting  them  with  the  shaft  by  pipes  Mr.  Van- 
Norman  was  enabled  to  roast  the  ore  by  utilising  the  waste  gas  and  heat  of  the  furnace. 
Openings  in  the  sides  of  the  oven  admitted  atmospheric  air,  which,  coming  in  contact  with 
the  ffas,  produced  combustion,  and  the  ore  in  the  cnamber  was  raised  to  a  white  heat,  the  hot 
air  blast  of  the  furnace  being  fed  at  the  same  time  through  pipes  connected  with  the 
roabting  chamber.    In  this  way  the  ore  and  the  blast  were  both   neated  without  the  use  of 
any  wood,  coal  or  other  fuel  than  the  escaping  gas,  which  would  have  passed  otherwise 
out  of  the  chimney  to  be  lost  for  any  useful  purpose.     "  It  was  this  invention  in  its  entirety," 
G.  R.  VanNorman  says,  "  that  my  father  claimed  and  sought  to  have  patented  in  the  United 
States,  and  in  which  he  failed,  not  because  it  was  not  new  and  useful,  but  by  reason  of  his 
being  advised  by  his  agent  at  Washington  to  pay  not  the  $600  required  from  a  British  sub- 
lect,  which  he  was  at  that  time,  but  the  $25  fee  payable  by  an  American  citizen,  he  having 
been  bom  in  the  United  States.     The  oven  was  the  invention  he  claimed  ;  the  not  air  was 
only  part  of  the  invention,  and  it  is  very  probable  that  hot  air  may  have  been  used  in  blast 
furnaces  prior  to  the  invention  of  the  oven,  although  not  known  to  my  father  at  that  time. 
The  oven  was  also  used  in  the  forge  for  heating  blooms  and  iron  bars  so  that  they  could  be 
hammered  into  the  requisite  sizes."     Phillips,  in  his  Elements  of  Metallurgy,  says  that 
•bortlv  after  the  application  of  hot  blast  to  iron-making  various  attempts  were  made  to  em« 
ploy  the  waste  heat  escaping  from  the  throat  of  the  furnace,  and  now  the  employment  of  waste 
gases  has  become  almost  universal  in  all  iron-producing  districts.    The  cr^it  of  having  first 
attemnted  to  utilise  the  furnace  gases  is  ^ven  to  Aubertot  of  France,  who  according  to  the 
S^CTOlopsedia  Britannica  constructed  a  kiln  for  that  purpose  in  I81I  (Sir  Lowthian  Bell  says 
1814);  bat  it  was  not  until  Georp^  Parry  of  Ebbw  Vale  invented  the  cup  and  cone  arrange- 
ment about  1860  that  the  utilising  of  turnaoe  gases  became  general    In  1846  J.  P.  Budd 
took  out  a  patent  in  England  to  use  waste  gases  for  heating  the  blast,  but  Mr.  YanNorman's 
stove  appears  to  have  been  an  earlier  invention. 
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The  cost  of  carriage  by  this  route  was  cheaper  than  the  other,  and  the  pig  irci 
sold  readily  at  $30  to  $35  per  ton.     But  about  this  time  the  St  LawrexMs 
canals  were  cdmpleted  and  foreign  pig  iron  began  to  be  brought  up  and  Bold 
at  Belleville  and  Cobourg  at  $16  per  ton.     This  circumstance  alone  settled 
the  question  of  producing  charcoal  iron  in  the  province  except  at  a  rmnou 
loss  to  those  engaged  in  the  business,  and  Mr.  YanNorman  was  compelled  to 
close  his  works  with  the  loss  of  everything.      A  few  days  before  leaving 
Marmora  he  received  a  letter  from  the  Hon.   Peter  McGill  expressing  regret 
at  his  failure  and  enclosing  him  a  cheque  for  £100.*      In  Mr.  YanNormtn'i 
memorandum  it  is  stated  that  after  him  came  the  Marmora  Iron  Foandrj 
company  whose  losses  were  not  far  from  £20,000,  and  that  next  came  an 
Harmora  Iron     English  company  whose  losses  were  said  to  be  not  less  than  £75,000.    The 
or    coin]>Mij.  ]^j^j.jjjQj^  jpQjj  Works  company  was  formed  in  Belleville,  and  according  to  i 

statement  of  one  of  its  members  the  quantity  of  pig  iron  produced  by  one  of 
the  two  furnaces  was  five  tons  per  day  of  very  superior  quality,  and  it  wu 
found  after  a  test  run  that  the  probable  cost  of  manufacture  in  a  blast  of 
longer  duration  would  not  exceed  £3  or  £3  5s.  ($12  or  $13)  per  ton.  "Ex- 
cellent as  is  the  cast  iron  made  from  this  ore,  it  is  still  more  suitable  for  bar 
iron,  the  toughness  and  ductility  of  that  which  has  been  made  there  giving  H 
a  preference  to  the  best  Swedish  iron."t 

The  English  company  began  operations  in  1856,  when  extensive  lepsut 
were  again  made,  and  with  worse  results  than  had  attended  any  of  the  preTiov 
ventures,  apparently  because  the  manager  did  not  understand  how  to  tmt 
the  ore.  The  furnace  was  again  in  blast  for  a  short  time  under  the  charge  d 
Mr.  Bentley,  and  in  the  report  of  the  Geological  Survey  for  1866  an  acooont 
of  the  work  done  is  given  by  Mr.  Thomas  Mac&urlane,  who  was  then  a  member  of 
the  staff,  from  information  supplied  by  Mr.  Bentley.  "  The  f umaoe  then  nm 
Ml  mn.  forty  days  in  all,''  Mr.  Macfarlane  wrote,  "  and  was  working  well  and  con- 

stantly increasing  in  yield  when  orders  were  given  to  blow  out  because  fimdi 
to  pay  the  workmen  were  not  forthcoming.  Until  the  fourteenth  day  a  hot 
blast  was  employed,  but  the  heating  apparatus  then  broke  down  and  dariog 
the  remaining  twenty-six  days  a  cold  blast  was  used.  The  charge  oonsuted 
of  400  lb.  ore  and  23  lb.  limestone.  The  fuel  used  to  each  charge  was  ax- 
teon  bushels  of  charcoal.     While  the  hot  blast  was  being  used  fifty  ehiigoi 

*Joaeph  VanNorman's  memorandum. 

t '*  The  iron  mines  were  worked  some  years  a(?o,  and  laree  sums  were  expended  witboBl 
any  beneficial  result.  This  however  is  not  surprising,  as  although  the  diitanioe  of  the  iraiki 
from  the  front  is  not  so  great  as  to  prove  in  future  any  great  bar  to  their  imnnoMfiil  ooenps- 
tion.  the  means  of  communication  have  hitherto  been  so  little  improved  that  during  oertiiB 
portions  of  the  year  the  settlers  in  the  back  townships  were  almost  debarred  from  intewuuiii 
with  the  front,  roads  existed  merely  in  name  and  the  expense  of  carriage  of  a  heavy  aitiok 
like  iron  was  great.  This  however  is  not  the  only  reason  why  these  mines  have  been  oapi^ 
ductive,  or  productive  only  of  loss  to  those  engaged  in  the  manufacture.  The  partiefwlio 
have  had  charge  of  the  works  have  been  constantly  behind  the  age  they  lived  in.  Wk* 
through  the  agency  of  the  hot  blast  and  new  methods  of  treating  the  ore  the  ooet  ol  maB^* 
facturmg  cast  iron  had  been  materially  reduced  in  Britain,  the  old  mode  of  mneltiBff  ^ 
means  of  the  cold  blast  was  attempted  here,  as  well  as  the  manufacture  of  bar  iron  iHtto"^ 
the  aid  of  any  other  machinery  than  the  hammer^  the  anvil  and  the  bcdlowi.  Under  ■oehci^ 
oumstances  it  is  not  surprising  that  the  propnetors  of  the  works  could  not  compel>  vi^ 
importers,  or  British  iron  masters  who  carried  on  their  operations  by  means  of  the  9id 
improved  machinery,  with  large  capital  and  coal  at  an  almost  nominal  prioa.  The  attanV* 
however  was  persevered  in  manfully,  till  many  thousands  of  pounds  were  aonk  by  tlit  P>*' 
prietors.  This  however  oould  not  last,  and  the  works  were  cloeed."— Smiths  Ouiad%  voL 
.  pp.  246-7  (1861). 
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^were  smelted  per  diem,  and  five  tons  of  iron  produced.  With  cold  air  the 
ore  consumed  and  the  iron  produced  amounted  only  to  three-fifths  of  these 
•quantities.  To  ascertain  the  actual  cose  of  producing  the  iron  was  more  u^.^'  pi^i>^ 
difficult  as  the  general  expenses  of  the  establishment  were  enormous.  Assum- 
ing these  to  amount  to  $2  per  ton  of  product,  the  following  may  be  considered 
the  actual  cost  of  one  day's  running  during  the  last  trial  of  the  hot  blast 
t  Marmora : 


Items  ef  cost. 


10  tens  of  ore  at  $2 

800  btuhelB  of  oharooal 

1  furnace  man 

8  laborers 

Repairs,  wear  and  tear,  etc 

General  expenses, 

Cartage  to  Belleville  of  6  tons  of  iron 

Total  cost  of  6  tons  pig  iron. . 


20  00 

48  00 

260 

8  00 

400 

10  00 

20  00 

112  60 


'Equal  to  122.50  per  ton.  Now  as  the  pig  iron  probably  realised  $27  per 
ton  in  Belleyille,  a  profit  of  $4.50  per  ton  would  appear  to  have  been  made."* 
The  cost  of  production  at  the  furnace  would  be  $18.50,  and  this  includes  the 
high  allowance  of  nearly  $3  per  ton  for  repairs,  wear  and  tear  and  general 
expenses.  But  it  must  be  borne  in  mind  that  the  output  was  only  five 
tons  per  day.  The  last  attempt  to  smelt  ore  at  Marmora  was  made  about 
the  year  1875,  when  an  experiment  was  tried  with  petroleum  as  fuel. 

A  charcoal  blast  furnace  for  smelting  magnetic  iron  ore  was  erected  at  the 
^village  of  Madoc,  county  of  Hastings,  in  1836  or  1837  and  was  worked  with  SjiJjf** 
varying  success  for  eight  or  nine  years.  The  manager  was  the  late  Mr.  Uriah 
fieymour,  formerly  of  New  Tork  state,  and  some  account  of  his  smelting  and 
foundry  operations  at  Madoc  is  given  in  the  evidence  of  his  son,  Mr.  F.  E. 
Seymour.  A  company  of  which  Uriah  Seymour  was  an  active  partner  ^JS^*"*** 
operated  a  furnace  in  Wayne  county,  and  the  testing  of  some  sample  lots  of  material,  flux 
<^n  taken  from  what  is  known  as  the  Seymour  mine,  on  lot  11,  concession  5 
in  the  township  of  Madoc,  led  to  the  erection  of  the  local  furnace.  An 
interesting  account  of  this  enterprise  has  been  preserved  in  the  Geological 
Survey  report  of  1866,  the  writer,  Mr.  Macfarlane,  having  procured  the  facts 
from  the  elder  Mr.  Seymour.  "The  first  experiment  with  the  ore,"  Mr. 
Macfarlane  says,  ''  was  made  by  Mr.  Seymour  in  the  furnace  owned  by  him 
And  his  partners  at  Wolcott,  Wayne  county,  New  York.  This  was  in  the 
winter  of  1835.  Three  and  a  half  tons  were  treated,  and  it  was  found  to 
improve  the  quality  of  the  iron  previously  made  there.  First  one-fourth  and 
then  one-half  of  the  Canadian  ore  was  used,  and  the  iron  produced  became  softer 
And  stronger.  Ultimately  the  Canadian  ore  alone  was  charged  into  the  furnace, 
And  a  still  better  quality  of  iron  was  obtained.  These  results  being  con- 
mdered  satisfactory,  Mr.  Seymour  erected  a  furnace  at  Madoc  in  18S7  and 


*  Oeologioal  Snnrej  report,  1866,  p.  106. 
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put  it  in  blast.  Limeetone  was  used  as  a  flux  and  three  different  blasts  mn 
started  with  different  materials  found  in  the  neighborhood  for  hearthslonei. 
In  each  of  these  three  trials  the  hearthstone  was  rapidly  cat  out  by  th» 
slag,  the  furnace  became  unworkable  and  was  blown  out,  always  at  a  gnit 
expense  for  repairing  the  furnace  and  for  fuel  in  boating  it  up.  Mr.  Seymour, 
supposing  the  bad  quality  of  the  hearthstones  to  be  the  cause  of  these  mi*- 
fortunes,  procured  a  new  hearth  from  Rossie  in  New  York  of  the  material 
used  in  the  furnaces  there.  The  furnace  was  again  started,  but,  by  wtj  of 
precaution,  with  a  blast  at  only  one  tuyere.  The  same  flux  was  used  as  formerij 
and  the  same  slag  was  produced,  cutting  into  the  Rossie  stone  as  much  as  it 
had  ever  done  into  the  hearthstones  previously  used.  It  having  been  thus 
demonstrated  that  the  former  hearthstones  were  not  at  fault,  since  even  tiie 
Kossie  stone  could  not  withstand  the  slag,  Mr.  Seymour  decided  to  alter  the 
flux,  substituting  for  the  limestone  a  sandy  clay.  This  was  done,  the  blast 
was  stopped  at  the  damaged  tuyere,  and  introduced  at  the  one  which  had 
been  kept  unused.  Very  soon  the  character  of  the  slag  changed.  It  became 
mild,  did  not  cut  into  the  hearthstone,  and  kept  fluid  and  in  motion  long 
after  it  left  the  furnace.  The  iron  was  of  excellent  quality,  but  at  this  time 
the  stock  of  charcoal  became  exhausted,  it  being  impossible  to  procure  dmooal 
burners  to  keep  up  the  supply.  Reduced  to  extremity,  Mr.  Skymonr  cMied 
cordwood  to  be  sawn  up  into  lengths  of  two  feet  and  used  instead  of  duff- 
coal.  For  seventy-five  days  he  continued  to  work  his  furnace  with  the  Mme 
fuel  and  with  only  one  tuyere,  producing  a  good  slag  and  exoellent  inm 
to  the  extent  of  one  ton  daily.  About  eighty  tons  were  prodaoed  in  aD 
during  the  blast  and  cast  into  stoves,  potash  kettles,  etc.,  besides  a  imall 
quantity  of  pig  iron.  The  latter  found  a  ready  sale  in  Belleville  at  $37  per 
ton,  and  was  considered  of  first-rate  quality  for  machinery.  Encouraged  bf 
his  success  in  smelting  with  wood,  Mr.  Seymour  repaired  the  famaoe  and 
started  it  agsdn  with  wood  alone  as  fuel  and  with  the  two  tuyeres  at  work. 
From  two  to  two  and  a  half  tons  of  iron  were  produced  daily,  bat  it  wia  of 
an  inferior  quality ;  the  castings  made  with  it  cracked  in  cooling.  Mc 
Seymour  was  led  to  suspect  that  this  was  caused  by  the  wood  descending  too 
quickly  and  insufficiently  charred  into  the  furnace.     That  this  did  aflfoct  the 

wood  ftiei**^  quality  of  the  iron  was  proved  by  stopping  one  of  the  tuyeres.  The  daily 
produce  sank  to  one  and  a  quarter  tons,  but  the  good  quality  of  the  iron  wai 
restored  and  the  furnace  kept  in  blast  three  months.  The  exact  coat  of  the 
operation  I  could  not  ascertain,  but  Mr.  Seymour  assured  me  that  mooarivpf 
to  his  books  this  blast  contributed  somewhat  to  improve  the  financial  positioB 
of  the  concern.  The  daily  product  of  iron  was  however  too  small  and  ■melt- 
ing with  charcoal  was  again  resumed,  in  the  midst  of  which  Mr.  Seymoni^ 
partner  was  killed  by  an  explosion  in  the  mine.  The  difficulty  of  settling 
with  his  heirs  became  superadded  to  the  financial  difficulties  of  the  conoerOi 
and  Mr.  Seymour's  means  having  become  exhausted  he  was  obliged  to  tot 
pend  smelting  operations.  Among  the  facts  demonstrated  by  his  expeiieM 
not  the  least  interesting  was  the  producing  of  cast  iron  of  excellent  qoalitf 

oo«t  of  pro-  in  a  blast  furnace  with  wood  alone  as  fuel.  Mr.  Seymour  entertains  the 
opinion,  and  surely  his  experience   justifies  him  in  so  doing,  that  were  a 


325 


furnace  specially  built  for  the  purpose,  and  so  high  as  to  allow  the  materials 
fifty  hours  to  descend,  wood  could  be  used  as  fuel  and  five  tons  of  iron 
produced  daily.     His  estimate  of  the  cost  of  doing  this  is  as  follows  : 


Items  of  coflt. 


15  cords  of  wood  at  $1 

10  tons  of  iron  ore  at  $1.50 

1^  tons  loam.   

Crushing  ore  at  10  cents , 

Labor,  2  top-men 

Labor,  2  furnace-men 

Labor,  1  gutter-man 

Labor,  1  overseer 

Wear  and  tear,  etc 

General  expenses. 

Total  cost  of  6  tons  pig  iron 


15  00 
15  00 
1  60 
1  00 
400 
4  00 
1  60 
600 
6  00 
8  00 


60  00 


This  is  equal  to  $12  per  ton  of  iron  produced,  and  if  the  freight  to  Belle- 
ville be  added  the  total  cost  is  $16  per  ton.  With  cast  iron  at  $26 j  the 
profit  would  be  $10  per  ton."*  Mr.  Macfarlane  further  states  that  on  general 
grounds  it  is  reasonable  to  suppose  that  when  properly  conducted  the  same 
success  would  attend  the  iron  manufacture  in  Madoc  and  Marmora  as  has 
attended  it  in  other  countries  where  similar  conditions  exist.  "  In  Sweden 
and  Norway,  as  in  Canada,"  he  says,  "  the  ores  are  generally  magnetic,  the 
fuel  charcoal,  the  motive  power  water,  the  means  of  transport  and  commu- 
nication imperfect ;  labor  is  certainly  cheaper,  but  the  ores  are  less  rich — 33 
per  cent,  being  the  average  in  Norway.  The  same  conditions  as  to  ore,  fuel, 
«tc.,  obtain  in  New  York,  where  the  smelting  of  iron  ores  seems  to  be  very 
iraccessful ;  and  if  care  be  taken  to  employ  the  same  skill,  and  with  due 
care  and  judgment  the  same  apparatus  and  processes  which  are  there  applied 
"with  perhaps  slight  modifications,  iron  would  doubtless  be  as  successfully 
made  in  Canada  as  in  New  York.  The  protective  duty  in  the  latter  country 
is  to  a  great  extent  balanced  by  the  higher  prices  for  labor  and  fuel."t  The 
^ilure  of  Mr.  Seymour's  venture,  according  to  the  accounts  of  Mr.  Mac- 
farlane and  of  his  son,  Mr.  F.  K  Seymour,  does  not  appear  to  have  been 
due  to  the  quality  of  the  ore,  but  rather  to  the  primitive  methods  employed 
and  the  lack  of  sufficient  capital  where  costly  experiments  had  to  be  carried 
on  with  an  ore  the  nature  of  which  was  not  perfectly  known.  The  use  of 
loam  instead  of  limestone  for  flux  seems  to  have  been  attended  with  very 
satisfactory  results,  a  knowledge  of  which  may  prove  to  be  valuable  in  the 
future  treatment  of  our  dense  magnetic  ores. 

After  the  failure  of  Mr.  VanNorman  at  Marmora,  already  referred  to, 
that  pioneer  iron-maker  returned  to  his  old  home  at  Normandale.     The  Great  The  Hoof^htoa 
Western  railway   was   then   under  construction,  and  parties  concerned  in 
furnishing  car* wheels  for  the  railway  company  (Messrs.  Fisher  &  McQuesten 

*  Thomas  Macfarlane  in  the  Geolof^ical  Surrej  report,  1866,  pp.  109-111. 
t  Geological  Survej  report,  1866,  p.  111. 
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of  Hamilton)  experienced  much  difficulty  in  getting  suitable  iron  lor  the 
purpose.  The  charcoal  iron  formerly  made  by  Mr.  Yanl^orman  out  of  the 
bog  ore  was  believed  to  possess  the  requisite  qualities,  especially  the  qualitj 
of  chilling  or  hardening  when  cast  on  an  iron  surface,  and  a  contract  waa 
made  between  the  parties  in  which  the  founders  agreed  to  take  all  the  pig 
iron  Mr.  YanNorman  could  produce  at  $45  per  ton,  providing  it  was  found  to  be 
suitable  for  car-wheel&  As  soon  as  the  contract  was  signed  Mr.  YanNorman 
sent  a  prospector  into  the  township  of  Houghton,  in  the  western  part  of 
Norfolk,  to  ascertain  if  ore  could  be  found  there  in  sufficient  quantities  U> 
warrant  the  building  of  a  furnace.  The  report  was  very  favorable,  a  blast 
furnace  was  erected,  and  smelting  operations  began  in  the  hUl  of  1854.  In 
the  spring  of  1855  a  shipment  of  400  tons  was  made,  but  not  long  after 
Mr.  YanNorman  was  notified  by  the  founders  that  the  iron  would  not  chill, 
and  consequently  could  not  be  accepted  under  the  terms  of  the  oontracL 
He  visited  Hamilton  and  saw  to  his  surprise  that  the  facts  were  aa  repre- 
sented, and  instead  of  getting  $45  per  ton  for  the  iron  he  was  obliged  to 
sell  it  at  $22.  This  was  the  period  of  the  Crimean  war,  and  business  was 
booming  in  Canada  as  a  consequence  of  the  great  demand  for  farm  products, 
wheat  selling  at  $2  per  bushel.  Labor  cost  nearly  twice  as  much  as  in 
former  years,  horse  feed  and  provisions  of  all  kinds  were  high,  and  the 
iron  cost  more  to  produce  than  it  was  worth  in  the  market.  Under  these 
circumstances  the  works  at  Houghton  were  abandoned,  and  Mr.  YanNorman 
and  his  sons  lost  in  this  enterprise  about  $32,000.  Between  Marmora  and 
Houghton  all  that  had  been  made  at  Normandale  was  irretrievably  lost,  and 
Mr.  YanNorman's  career  of  over  thirty-four  years  in  the  blast  fumaoe 
business  ended.* 

The  last  venture  was  made  in  1882  by  an  American  firm,  Messrs. 
Parry  &  Mills,  who  erected  a  blast  furnace  on  the  Burnt  river  in  the 
county  of  Haliburton,  as  stated  in  the  evidence  of  Mr.  Shortiss.  Thej 
were  unable  to  complete  the  works  owing  to  insufficient  capital  Every 
effort  was  made  to  borrow  $10,000  upon  the  security  of  the  property, 
Mr.  Shortiss  says,  and  although  between  $50,000  and  $60,000  had 
been  invested  no  financial  assistance  could  be  obtained  and  the  enterprise 
failed.  A  report  on  the  properties  made  to  Parry  &  Mills  by  W.  H.  Merritt 
in  1883  shows  that  the  furnace,  charcoal  and  calcining  kilns,  saw-mill,  etc, 
were  well  advanced  towards  completion,  and  he  considered  that  when  the 
plant  and  properties  of  the  firm  were  placed  at  $65,000  they  were  valued 
at  a  reasonable  and  legitimate  price.  "  With  your  exceptional  advantages 
in  wood  limits,"  Mr.  Merritt  stated  in  his  report,  "  enjoyed  to  no  greater 
extent  by  no  charcoal^  smelting  works  on  the  continent,  excellent  water 
power,  proximity  of  flux,  railroad  facilities  and  short  distance  from  market, 
I  have  not  the  slightest  hesitation  in  saying  that  in  my  opinion,  with 
ordinary  good  management,  your  enterprise  will  pay  handsomely.''  Yet 
for  lack  of  sufficient  capital  Messrs.  Parry  &  Mills  were  unable  to  complete 
the  works,  and  the  money  and  labor  they  had  expended  became  a  total  loss. 


*  Joseph  Ymi  Nomum's  mmnorandiiin. 
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LI8BON8    OF    TBI    FAILUBBB. 

This  is  a  hapless  record  of  failures  ;  but  does  it  show  that  the  pig  iron 
industrr  has  no  future  in  Ontario  t     Has  the  industry  had  a  fair  trial  under 

.     Hm  pic  I 

favoring  conditions,  and  were  the  means  taken  and  the  methods  pursued   in  ^^mia 
lU  respects  such  as  a  successful  iron  man  of  the  present  day  would  commend 
or  imitate  f    The  Normandale  works  alone  were  successful,   although   not 
beforethe  projector  of  them  was  ruined  in  getting  experience.*  Mr.  VanNorman 
profited  by  John  Mason's  failure,  and  as  the  ore  was  not  difficult  to  treat  he 
was  soon  able  to  apply  intelligent  methods  in  his  furnace.      He  was  also  for- 
tonate  in  making  such  uses  of  the  pig  iron  as  the  circumstances  of  the  country 
most  required  at  that  time,  and  doubtless  a  second  profit  was  made  on  the 
Um  products  which  he  took  in  exchange  for  his  own  wares.     But  the  mag* 
netic  iron  ores  of  Hastings  and  Peterborough  required  a  different  kind  of 
treatment ;  and  although  some  knowledge  of  improved  processes  was  gained  by 
Kr.  Seymour,  Mr.  YanNorman  and  others,  it  was  not  equal  to  the  require- 
ments of  economic  production  with  small  capital  and  primitive  methods  in  a 
rogion  so  inaccessible  by  reason  of  bad  roads  that  the  freight  cost  on  supplies 
brought  in  from  and  products  sent  out  to  the  nearest  market  town  was  t^  per 
ton.     Failures  have  overtaken  many  other  enterprises  since  then,  in  Michigan  ^fS^ 
•nd  elsewhere,  from  the  operation  of  the  same  causes ;  but  they  do  not  prove 
thmt  success  is  not  attainable  under  better  conditions.!     With  modem  plant^ 
^  practical  and  scientific  knowledge  of   how  to  treat  magnetic  ores,  adequate 
Qftpital,  facilities  for  cheap  transportation  and  good  business  management, 
tbe  manu&tcture  of  charcoal  iron  ought  to  be  as  successfully  carried  on  in 
Ontario  as  in  New  York,  Michigan  or  Wisconsin.     It  is  possible  also  that  the 
HMum&cture  of  coke  iron  and  anthracite  iron  may  be  attempted,  but  until 
"^lae  trade  relations  between  the  United  States  and  Canada  are  more  free  the 
^^K-«ight  char)i;e8  are  likely  to  be  too  heavy  for  these  fuels  to  be  brought  in  at 
^    moderate  cost.     The  rapid  growth  of  the  iron  industry  in  Illinois,  which  rrm 
^v^^creased  from  78,455  net  tons  in  1878  to  579,307  in  1888,  is  mainly  a  result  of  nomi*  BMratet- 
le  greater  cheapness  with  which  the  raw  materials  of  manufacture  can  be 
^^xmght  together  under  a  condition   of    free  inter-state  commerce.    Return 
^^goeo  make  cheap  freights. 

OUTBIDS    BOUBCIB    FOB    BUPPLIBB. 

The  trade  tables  appended  to  Section  iii  show  that  Canada's  yearly 
'"^erage  of  imports  of  pig  iron  for  the  seven  years  1881-7  was  60,000  net  tons,  ctoiid*'iy«^r 
'^id  it  is  computed  that  if  to  this  quantity  be  added  the  equivalent  of  all  {^.^^gffe^^ 
>^er  iron  and  steel  goods  imported  and  the  production  of  our  own  furnaces  ^^""^ 
oonsumption  the  total  pig  iron  requirement  of  the  Dominion  is    about 


_^^     *  **ThoM  who  bepn  iron  works  after  me  in  this  ooantrr,"  John  Biason  wrote  to  Robert 
^^onrlay  in  1S17,  "will  start  many  thousand  dollars  ahead  of  me;  eTerything  they  want 
^^^oept  stone  will  be  bad  here,  the  best  method  of  working  the  ore  will  be  known,  and  men 
>^nbe learned  to  work  it." 

f  Thn  editor  ol  the  Charcoal  Iron  Workers'  Joomal,  commenting  on  the  failure  of  the 
i  Conqiany  of  Canada  in  18S^  said :  "  It  is  seldom  that  pioneers  in  iron  mannfactare  in 


%iiy  TCgioQ  are  saocessfol,  and  almost  every  iron  producing  district  in  the  United  States  has  a 
Wtrmwejiud  of  buried  hopes  and  expectations."  (Vol.  vi,  p.  326.)  Bnt  the  experience  of  Canada 

Irhert  $2,6001000  was  spent  in  this  one  enterprise  led  him  to  believe  that  there  most  be  a 

CMiae  for  it  beyond  the  ordinary  coarse  of  events. 
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275,000  tons  jejtrly.     The  pig  iron  made  in  the  country  is  an  inapprecial 
quantity,  and  the  province  of  Ontario  does  not  produce  a  ton.*    Oar  foundr^^i 
and  iron  works  are  largely  dependent  upon  outside  sources  for  supplies,  f(>Iz^ 
fifthsof  which  are  imported  from  Great  Britain.    The  whole  of  the  charcoal  irtoa 
comes  from  the  Cnited  States,  chiefly  from  Michigan,  Wisconsin,  CoDnectico( 
New  York  and  Alabama,  but  it  does  not  exceed  15,000  tons  a  year.  Now  as  it 
does  not  appear  certain  at  present  that  we  could  safely  enter  upon  the  smelt- 
ing of  iron  ores  with  mineral  fuel  in  Ontario,  it  is  all  the  more  important  to 
Si^2^  *^^  consider  the  business  outlook  for  smelting  with  charcoal  fueL     Is  the  home 


pig 


consumption  large  enough  to  make  a  market  for  the  production  of  one  or 
more  blast  f uruaces  1  In  view  of  the  cost  of  production  and  the  maiket 
prices,  is  there  a  reasonable  prospect  for  investment  of  the  required  capitilt 
Is  the  demand  for  charcoal  iron  likely  to  continue  and  grow  1 


GHAROOAL    IRON    AND    ITS   U8KS. 


#Mr  whoels  and 
■uJlaable  OMt- 


Owing  to  its  purity,  fine  quality  and  strength  charcoal  iron  is  nied 
largely  in  Canada  and  the  United  States  for  malleable  castings,  and  chiefly 
for  car  wheels.  In  the  manufacture  of  these  wheels  it  is  of  the  first  importr 
ance  to  secure  strength  to  resist  the  strains  and  shocks  to  which  the  body  of 
the  wheel  is  subject  in  travelling  on  the  rails,  and  sufficient  hardness  in  the 
tread  and  flange  to  stand  the  wear  to  which  it  is  exposed.  The  latter  pro- 
perty is  given  to  the  iron  by  the  process  of  chilling,  which  is  produced  by 
making  the  tread  and  flange  portion  of  the  mould  of  cast  iron.  When  the 
molten  metal  comes  in  contact  with  the  iron  section  of  the  mould  it  receivci 
a  chill,  the  effect  of  which  is  to  crystallise  it  to  a  greater  or  less  depth  if  c( 
the  right  brand.  Upon  some  kinds  of  iron  the  chill-mould  has  no  effeeti 
whereas  upon  othet-s  the  chill  will  extend  one  or  two  inches  in  depth.  The 
very  hard  and  brittle  iron  usually  chills  most,  but  the  body  of  the  wheel 
must  be  tough  and  strong,  and  capable  of  standing  strains  and  blows  of  eveiy 
^uirad  for  oar  description.  Hard  white  iron  chills  easily  and  has  a  high  tensile  stren^ 
but  it  is  so  brittle  that  it  will  not  bend,  and  if  exposed  to  a  sadden  shock  it 
will  break  with  a  comparatively  light  strain.  Then  again  iron  may  be 
too  soft  and  flexible,  and  have  so  little  strength  that  it  will  bend  like  a  bar  of 
lead.  The  iron  which  has  the  two  qualities  of  tensile  strength  and  flexibility 
combined  in  the  highest  degree  is  consequently  the  kind  best  saited  for  the 
body  of  the  wheel,  while  for  the  tread  and  flange  it  must  have  the  chilliog 


^aaUties  of  iron 


^Statement  of  the  quantity  of  pig  iron  upon  which  the  Domimon  government  hai  P^^ 
bonus  for  each  of  the  last  aix  fiscal  years,  toffether  with  the  amount  so  paid,  as  funisMS  of 
^e  treasury  department  at  Ottawa : 


Fiscal  year. 


1883-84. 
1881-85. 
1885-86. 
1886  87. 
1887-88. 
1888-89. 


Tons. 


Totals 


29,388.16 

25,769.13 

26,179.196 

39,717 

22,20M  61 

24,822.42 


Bounty  paid. 


168,08^.516 


$44,089  91 
38,654  91 
39,269  66 
59,576  00 
33,314  41 
37,233  62 


$252,138  41 
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property.*^  Now  the  experience  of  railways  in  the  United  States  and  Canada 
is  that  the  best  iron  for  the  purpose  is  that  which  is  smelted  with  charcoal 
fuel,  and  in  both  countries  little  of  any  other  kind  is  used.  In  this  country 
we  are  largely  dependent  on  the  United  States  for  our  supply,  and  wholly 
flo  in  Ontario.     The  furnaces  at  Three  Rivers  and  Drummond ville,  in  Quebec,  Our  oonfomp- 

tioQ  of  OhMCOl^ 

produce  8,000  to  10,000  tons  yearly,  the  greater  part  of    which  is  used  in  iron 
Montreal,  where  there  are  two  car  wheel  foundries.     John  McDougall  k  Oo., 
who  own  and  operate  the  Drummondville  furnaces,  use  the  whole  of  their 
own  make  of  pig  iron  and  import  from  the  United   States    besides.     They 
melt  about  45  tons  of  metal  per  day,  all  charcoal  pig.     The  Montreal  Car 
Wheel  Oo.  obtain  their  supplies  of  charcoal  iron  from  lake  Superior,  Salisbury    **^*'^' 
and  other  districts  in  the  United  States.     The  Salisbury  iron  costs  about  $38 
per  gross  ton  delivered  at  the  works,  and  the  lake  Superior  iron  about  $27. 
They  use  charcoal  iron  solely  in  the  manufacture  of  car  wheels,  and  run  about 
20  tons  per  day.     The  Grand  Trunk  works  at  Hamilton  have  used  about 
1,800  tons   of  charcoal  iron  annually  for  the  past  eight  years,  but  it  is  ex- 
pected that  in  the  near  future  this  quantity  will  be  increased  to  7,000  tons  Hamuton. 
per  annum.     The  iron  is  purchased  in  Michigan  and  Connecticut  principally, 
and  costs  from  $23  of  the  former  to  $34  of  the  latter  per  gross  ton,  exclusive 
of  duty.     The  St.  Thomas  car  wheel  works  when  running  to  their  full  capacity 
use  25  to  30  tons  of  charcoal  iron  per  day.     Lake  Superior  iron  costs,  laid 
down  and  duty  paid  in  that  city,  $26  per  ton ;  Salisbury  iron  $38  ;  and  the  St.  Thomai. 
Southern  iron,  made  in  Alabama  and  Tennessee,  about  $30.     The  difference  in 
prices  is  due  chiefly  to  difference  in  qualities.     '*  A  very  important  considera- 
tion in  the  making  of  any  castings  of  charcoal  iron,''  the  manager  of  these 
works  says,  *'  is  the  re-using  of  old  charcoal  iron,  such  as  scrap  car  wheels. 
Oertain  classes  of  iron  when  put  into  service  never  turn  up  again  as  scrap, 
at  least  not  for  a  long  time,  for  instance,  iron  pipe  and  general  iron  fittings. 
Oar  wheels  when  worn  out  are  very  little  depreciated  in  weight,  and  are 
melted  over  again  with  the  addition  of  new  iron.     There   is  no  doubt/'    he 
goes   on  to  say,  "that  charcoal   iron  could  be  made  to  good  advantage  in 
Canada,  the  only  obstacle  being  the  large  amount  of  capital  required  for  in- 
vestment in  a  plant  and  the  uncertainty  of  the  prices  of  iron  until  a  perma- 
nent protective  policy  is  insured."     The  malleable  iron  works  of  Mr.  W.  H.  smith'i  nok. 
Frost  at  Smith's  Falls  use  1,000  tons  of  charcoal  iron  per  annum,  brought 
in  over  the  Canadian  Pacific  railway  from  northern  Michigan.     The  price 
fluctuates  two  or  three  times  during  the  year,  ranging  from  $27  to  $35  per 
ton  laid  down  at  Smith's  Falls  and   duty  paid,  and  Mr.  Frost  says  it  may 
touch  as  high  as  $45.     Other  malleable  works  in  the  province  are  located  at 
Oshawa,  Merrickville,  Guelph  and  Hamilton,  and  they  use  about  2,500  tons  of  ^^^  m*UMbi» 
charcoal  iron  a  year,  at  prices  ranging  according  to  the  brand  from  $26  to  $36 
per  ton,  including  freight  and  duty. 


*  Sir  Lowthian  Bell  found  in  Amerioa  that  cold  blast  charcoal  iron  was  infinitely  pre- 
ferred to  metal  smelted  with  hot  blast  for  chilled  railway  wheels,  wrought  iron  or  steel  being 
rarely  used  under  railway  carriages.  It  was  uniformly  stated,  he  says,  that  the  cold  blast 
iron  wheels  take  a  deeper  chill  and  wear  much  longer  than  those  made  from  hot  blast,  the 
same  charcoal  and  minerals  being  used  in  both  oases.— Principles  of  the  Manufacture  of  Iron 
and  Steel,  p.  152. 
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The  total  quantity  of  charcoal  iron  used  is  not  large,  but  the  statements 
of  several  leading  foundrymen  warrant  the  opinion  that  much  more  could  find 
a  market  at  a  lower  range  of  prices.  Mr.  Copp  of  Hamilton  stated  that  his 
firm  use  the  best  brands  of  British  pig,  costing  $23  per  ton,  and  mix  it  with 
about  one-third  Londonderry  as  the  latter  cannot  be  used  alone,  being  a 
slaggy  iron.  They  do  not  use  charcoal  iron  at  all,  but  he  thinks  they  ought 
Opinion  of  foan-  to  use  it  as  it  makes  the  most  valuable  castings.  With  one-third  charcoal 
rSoeof  ohMooai  iron  he  believes  they  could  use  English  and  low  grade  Scotch  iron  costiDg 
$3.50  to  S4r  per  ton  less  than  the  best  brands,  and  turn  out  a  strong  fine  plate. 
A  much  finer  plate  is  made  now  than  formerly,  and  they  require  the  best 
iron  that  can  be  got.  "  If  our  machine  men,''  Mr.  Copp  said,  "  used  more 
charcoal  iron  in  their  castings  they  would  be  of  a  better  class,  and  it  would 
be  better  for  the  country.  As  soon  as  it  is  established  that  charcoal  iron 
makes  better  work  we  will  all  be  willing  to  pay  more  for  it."  Mr.  Laidlaw, 
another  Hamilton  foundryman,  also  uses  the  best  Scotch  iron,  costing  $23 
per  ton,  but  thinks  they  could  use  charcoal  iron  mixed  with  the  Scotch,  and 
that  it  would  strengthen  and  improve  the  castings. 

Mr.  Massey  of  Toronto  stated  that  the  cost  of  Scotch  and  Londonderry  irons 
ranges  from  $18  to  $21  per  ton,  but  in  his  shops  they  do  not  care  to  use  more 
An  affriaaitand  *^^  *  quarter  or  a  third  of  the  latter.  Detroit  charcoal  iron  costs  $25  to 
SSiurS*"^""  ^^^  P®*"  ^^  ^reiglit  and  duty  paid,  Alabama  iron  $30  and  the  Salisbury  $36. 
iMttmonj.  «  Xf  Canadian  charcoal  iron,"  he  said,  '*  could  be  produced  for  a  little  more 
than  Scotch  or  Londonderry,  no  doubt  we  could  use  it  for  nearly  every  kind 
of  iron  we  want  to  make.  It  makes  a  stronger  and  better  casting,  and  it 
would  be  simply  a  question  of  the  cost.  For  machinery  castings  we  want  the 
best  iron,  and  the  expense  is  what  has  kept  us  from  using  charcoal  iron.  I 
would  take  charcoal  iron  at  $24  a  ton  rather  than  imported  iron  at  $22;  I  would 
consider  it  would  be  $4  a  ton  more  valuable.  Charcoal  iron  at  $4  a  ton  more 
would  command  the  market  for  all  strong  castings  ;  we  could  use  2,000  tons 
of  it.  .  .  The  manufacturers  of  agricultural  implements  would  ase  it, 
and  if  one  used  it  and  made  better  castings  competition  would  compel  the 
others  to  do  likewise.  The  cheapest  charcoal  iron  at  present  imported  costs 
$28  a  ton,  and  if  the  Canadian  were  less  than  that  it  would  command  the 
market  for  charcoal  iron."  Mr.  Massey  does  not  believe  that  a  profit  of  $6 
per  ton  is  made  on  charcoal  iron  in  Michigan,  and  thinks  they  would  be  well 
satisfied  to  make  a  pro6t  of  $3  per  ton. 

COST    OF    PRODUCTION. 

The  question  of  the  cost  of  production  is  less  easily  determined  than 
questions  of  demand  or  market  price.  It  has  been  shown  how  much  of  pig  iron 
is  required  for  yearly  consumption  in  Canada,  either  in  the  raw  material  or 
SSfto* fiSl"''  ^^  equivalent  in  the  finished  article,  and  how  much  it  costs  when  imported, 
with  freight,  duty  and  the  profits  of  makers  and  dealers  added.  These  ^ts 
are  easily  ascertained  from  public  documents  and  business  men.  But  the 
actual  cost  of  production  is  a  business  secret  of  the  furnace  men  which  few 
of  their  number  care  to  divulge,  and  without  full  and  exact  data  it  can  only 
be  ascertained  approximately.  Besides,  the  conditions  are  so  variable  that 
the  results  are  hardly  ever  the  same  for  any  two  furnaces.     Even  in  the  same 
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furnace   the   figures  are  never  constant  over  a  long  period  of  time,  being 

affected  by  the  quality  and  cost  of  ores,  fuel,  flux  and  labor,  as  well  as  by  the 

working  state  of  the  furnace  itself.     Nothing  need  here  be  said  of  hijw  much  j^SSif** 

cost  depends  on  intelligent  methods  of  treating  the  ore,  improvements  in 

furnace  construction,  or  the  possession  of  technical  skill  and  business  capacity 

in  the  manager  ;  but  obviously  they  are  essential  pre-requisites  of  successful 

and  economic  production. 

The  data  presented  in  the  following  pages  relate  for  the  most  part  to  the 
manu^ture  of  charcoal  iron,  and  have  been  selected  with  the  view  of  showing  Charcoal  iron. 
as  nearly  as  may  be  the  range  of  cost  from  lowest  to  highest.     In  some 
instances    it  has  been  possible  to  procure  the  quantities  of  raw  material 
only,  but  even  these  are  useful  in  making  up  a  general  estimate. 

The  items  of  cost  at  the  Marmora  furnace  given  by  Mr.  Bentley,  the 
manager,  to  Mr.  Macfarlane^  are  based  on  a  daily  run  of  five  tons,  two  tons  MadoefumMe 

rooonli. 

of  ore  at  $2  per  ton  and  160  bushels  of  charcoal  at  six  cents  per  bushel  to 
produce  one  ton  of  pig  iron,  labor  $2.10  and  other  expenses  $2.80  per  ton — 
making  the  aggregate  cost  $18.50.  The  items  of  cost  at  the  Madoc  furnace, 
also  obtained  by  Mr.  Macfarlane  from  the  manager  of  the  works,!  are  based 
on  the  same  daily  run,  with  ore  of  the  same  richness,  but  with  wood  instead 
of  charcoal  for  fuel.  There  the  cost  of  ore  and  fuel  was  $3  each  per  ton  of  pig, 
flux  30  cents,  labor  (including  the  crushing  of  the  ore)  $3.10,  and  other 
expenses  $2.60 — making  a  total  of  $12  per  ton.  Following  is  a  comparative 
statement  of  the  cost  of  production  per  ton  at  those  furnaces  : 


Items  of  cost. 


Ore 

Fuel 

Flux 

Labor 

Wear  and  tear... 
General  expeuBes 


Total. 


Marmora. 

Madoc. 

$4  00 

$3  00 

9  60 

3  00 

SO 

2  10 

8  10 

80 

1  00 

200 

I  60 

$18  50 

$12  00 

The  difference  in  cost  of  fuel,  it  will  be  observed,  is  $6  per  ton,  which  may 
be  readily  accounted  for  by  the  large  quantity  of  charcoal  consumed  at  Mar- 
mora and  the  low  charge  for  wood  at  Madoc. 

In  July,  1883,  Mr.  W.  H.  Merritt  of  Toronto,  mining  engineer,  made 
an  estimate  of  the  cost  of  producing  iron  at  Einmount  for  Messrs.  Parry  An  estimate  for 
^  Mills,  after  a  careful  survey  of  the  region  and  an  examination  of  their  ShiS"*"*^"* 
works  at  that  time  in  course  of  erection.  The  furnace  was  50  feet  high,  9J 
feet  diameter  at  the  bosh,  and  it  was  computed  that  its  daily  output  of  pig 
iron  would  range  from  20  to  30  tons..  It  was  to  be  supplied  with  ovens  to 
heat  the  blast  to  900^  F.  if  necessary,  with  a  blower  capable  of  supplying  a 
blast  up  to  three  or  four  pounds  pressure ;  a  Blake  crusher  was  provided  to 
break  the  ore,  and  the  machinery  was  to  be  driven  by  two  turbine  wheels  of 


*See  page 823. 


t  See  page  825. 
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50-h.p.  each.  Twenty  charcoal  kilns  were  to  be  built,  of  the  ordinary  bee- 
hive style,  and  it  was  assumed  that  the  cost  of  wood  delivered  at  the  kilns 
would  not  exceed  $1.50  per  cord,  or  cost  more  than  $2  per  cord  converted 
into  charcoal — the  wood  producing  at  least  40  bushels  at  five  cents  per  bushel, 
although  Parry  k  Mills  claimed  that  they  could  make  it  for  less  per  cord.  The 
cost  in  the  estimate  was  however  taken  by  Mr.  Merritt  at  six  cents  per 
bushel.  ''  As  I  allow  120  bushels  to  the  ton  of  iron,''  he  stated  in  the  report, 
"  it  will  be  recognised  that  this  is  equivalent  to  $1.20  more  to  the  ton  of  iron 
above  what  may  be  reasonably  expected."  As  it  was  intended  to  use  mixed 
x)res  from  the  Howland  mine,  the  Madoc  region  and  elsewhere,  the  average 
cost  was  placed  at  $3.06^  per  ton  of  45  per  cent.  ore.  Limestone  of  fine 
quality  was  obtainable  half  a  mile  from  the  furnace  and  could  be  quarried 
cheaply  ;  and  labor  was  reckoned  at  the  rate  of  $2  for  skilled  and  $1.25  to 
$1.50  for  unskilled  per  day.  Taking  these  liberal  prices  as  a  basis  of  calcula- 
tion, Mr.  Merritt  made  up  the  following  estimate  of  cost  of  production : 


Items  of  cost. 


21  toDB  of  ore  at  $3.06^ 

120  bushels  charcoal  at  6c 

Labor  and  repairs 

Wear  and  tear 

Limestone 

Cost  per  ton  of  iron 


$ 

689 

7  20 

3  00 

60 

50 

18  09 

This  was  for  one  furnace  with  a  capacity  of  20  to  30  tons  per  day.  "  I  do 
not  think  the  cost  of  manufacture  will  exceed  the  above,"  Mr.  Merritt  stated, 
"  unless  some  unforeseen  misfortunes  are  met  with.  It  probably  will  not  reach 
thai  amount,  and  the  coat  of  manufacture  will  be  considerably  lessened  if 
there  were  two  furnaces,  as  one  could  then  always  be  in  blast."  At  that  time 
Hanging  Rock  and  Virginia  hot  blast  charcoal  iron  was  selling  in  Virginia 
and  St.  Louis  at  $23  to  $25  per  ton,  when  it  was  believed  that  the  bottom 
had  been  reached.  Quoting  these  figures,  which  were  $15  to  $17  less  than 
the  high  prices  of  January,  1881,  Mr.  Merritt  made  the  following  observation 
on  profits  :  "  At  present  low  selling  prices,  and  at  cost  of  manufacture  men- 
tioned above,  the  profit  would  be  from  $3  to  $5  per  ton,  calculating  on  bring- 
ing all  the  ore  from  elsewhere  ;  or  $4  to  $6  if  one-half  mixture  of  local  ore  and 
ore  brought  from  Madoc;  or  from  $6.17  to  $8.17  profit  per  ton  if  all  or« 
used  was  obtained  in  the  vicinity.  Added  to  this  will  be  $1.50  per  ton 
bonus  granted  by  the  government.  At  a  reasonable  price  for  iron  $8.50  to 
$10.50  per  ton  profit  may  be  expected  when  the  furnace  is  working  well 
under  good  management."  At  the  prices  quoted  by  foundry  men  examined 
by  the  Commission  the  profits  inclusive  of  the  government  bonus  would 
range  from  $10.40  to  $21.40  per  ton,  and  Mr.  Massey  expressed  the  opinion 
that  the  iron  makers  would  be  satisfied  with  a  profit  of  $3  per  ton. 

A  report  on  certain  iron  ores  in  Lanark  county  made  in  November, 
1883,  by  Mr.  John   Birkinbine  of  Philadelphia,  secretary  of  the  United 
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States  Association  of  Charcoal  Iron  Workers  and  editor  of  their  journal,  was  EsUoMtM for  •- 
put  in  evidence  by  Mr.  W.  H.  Wylie  of  Carleton  Place.     This  report  was  SfcceSliuMUfk 
made  to  Messrs.  Wylie  and  Hall  after  an  examination  of  properties  in  the  ***°*y' 
townships  of  Darling  and  Lavant,  with  a  view  to  the  suitability  of  the 
locality  for  the  establishment  of  a  charcoal  smelting  furnace,  and  it  embraced 
estimates  of  the  cost  of  making  pig  iron  from  the  ore.     The  ores  examined 
were  of  the  class  of  rich  magnetites,  those  analysed  showing  about  66  per 
cent,  of  metallic  iron ;  but  in  making  his  estimate  Mr.  Birkinbine  calculated 
on  an  average  of  55  per  cent,  ores,  and  the  cost  of  mining  at  $1.60  per  ton. 
*'  As  wood  is  abundant  and  cheap/'  he  stated,  "  you  need  have  no  fear  as  to 
fuel  supply,  and  the  character  of  the  timber  growth  will  make  charcoal  of  the 
best  quality.     In  many  parts  of  the  United  States,   where  wood  is  by  no 
means  as  plentiful  nor  of  as  good  quality  as  in  Lanark  and  adjacent  counties^ 
charcoal  is  made  in  meilers  in  the  woods  and  delivered  to  iron  works  at  six 
cants  per  bushel.     When  kilns  are  used  a  lower  price  still  is  often  obtained  ; 
and  if  retorts  are  employcnl  a  further  reduction  in  cost  is  possible,  even  if  the 
gaseous  products  are  not  utilised.     To  illustrate :  Oar  iron  works  have  a 
battery  of  kilns  located  in  wood  very  similar  to  that  adjacent  to  locations, 
examined,  and  a  responsible  party  contracted  to  cut  the  wood,  haul  it  to- 
kilns,  carbonise  it,  and  deliver  the  charcoal  in  cars  at  four  cents  per  bushel.'^ 
In  making  his  estimate  however  Mr.  Birkinbine  put  the  cost  at  five  center 
per  bushel  of  20  lb.,  which  he  considered  would  be  ample  for  a  number  of 
years;  and  allowing  for  a  possible  refractory  character  of  ore  and  contingen- 
cies of  operation,  an  average  consumption  of  110  bushels  for  each  ton  of  pig 
iron.*     With  these  allowances  the  following  estimate  was  given  as  ample  to 
cover  the  expenses  of  producing  one  ton  of  pig  iron,  with  a  modern  plant  and 
appliances  : 


Items  of  cost. 


1.8  tons  of  65%  ore  at  furnace. . 

0.3  ton  of  flux 

110  bushels  charcoal 

Labor  making  iron , 

Repairs  and  supplies 

Interest  and  su^ierintendence. . 

fTotal  cost  per  ton  of  iron 


3.60 

46 

6.60 

2.00 

60 

80 


12.86 


To   produce   3,000   bushels   of  charcoal   per  day  would  require  a  plant  of 

kilns  to  cost   about  $12,000,  and  to  make  the  same  quantity   in  retorts  ^fij^lrt^'*"* 


*  Charcoal  pig  iron,  Mr.  B.  stated  in  his  report,  has  been  made  with  from  70  to  80  bushels 
of  charcoal. 

fin  commenting  on  this  estimate  Mr.  Birkinbine  said  :  *'  Low  gprades  of  English  pig 
iron  now  command  nearly  $20  per  ton  in  Montreal ;  you  could  therefore  probably  deliver 
first  class  chare  >al  iron  at  the  same  point  for  $i0  per  ton  and  have  a  good  profit.  It  ii  not 
to  be  presumed  that  those  now  supplying  Canada  with  pig  iron  will  fail  to  contest  for  the 
market  with  home  production,  but  with  a  duty  and  bonus  representing  $3.60  per  ton  of  pro- 
duct I  see  no  reawn  whv  Canadian  pig  iron  should  not  be  able  to  largely  or  entirely  displace 
^hat  now  imported."    Tne  bonus  and  auty  represents  now  $6.60  per  snort  ton. 
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would  require  an  outlay  of  $25,000.     Mr.   Birkinbine  gave  the  following 
estimate  of  capital  required  to,  acquire  land,  develop  mines  and  smelt  the  ore ' 


Items  of  cost. 


Mineral  and  timber  land,  say 

Developing  and  equipping  mines. , 

Blast  furnace 

Tram  roads,  say 

Dwellings,  store,  etc. 

Charcoal  plant,  if  retorts  are  used 

Incidentals   

Working  capital   

Total 


10,000 
S0,000 
50,000 
10,000 
20,000 
26,000 
6,000 
60,000 


200,000 


Estimate  for  a 
f  umaoe  at  the 
JBelmontpiine. 


The  item  of  cost  of  land,  it  was  explained,  was  not  intended  as  a  valuation  of 
any  particular  property,  but  simply  to  show  that  the  cost  of  land  was  not 
overlooked,  and  the  estimate  for  buildings  was  made  on  the  assumption  that 
a  company  would  wish  to  erect  itB  own  houses,  office,  store,  etc.  **  To  earn 
ten  per  cent,  on  this  amount  ($200,000)  with  an  average  output  of  30  tons 
per  day,  say  9,000  per  year,  would  require  a  profit  of  about  $2.25  per  ton  of  pig 
iron  made  "  ;  so  reported  Mr.  Birkinbine. 

Mr.  Ledyard  stated  in  his  evidence  that  he  had  received  an  estimate 
from  Mr.  J.  B.  Witherow,  a  furnace  builder  of  Pittsburg,  Pa.,  for  the  manu 
factnre  of  charcoal  pig  iron  at  the  old  Belmont  mine  at  an  actual  cost  of  less 
than  $10  per  ton.  He  estimated  the  necessary  capital  at  $150,000,  the  plant 
of  which  would  include  a  Olapp-Griffiths  converter  capable  of  producing  steel 
at  $14  per  ton,  charcoal  being  reckoned  at  six  cents  per  bushel  "We 
could  deliver  the  ore  at  Toronto,"  Mr.  Ledyard  said,  "  supposing  the  company 
to  own  the  mines,  at  $2.25  per  ton — $1.50  to  mine  it  and  75  cents  for 
freight.  If  the  furnace  proprietors  did  not  own  the  mines,  then  50  cents  per 
ton  would  be  a  fair  royalty.  In  Chicago  good  Bessemer  ore  is  $5.25  to  $5.75  ; 
they  use  Connellsville  coke,  and  I  think  it  could  be  delivered  here  a  little 
cheaper  if  there  were  no  duty.  With  the  fuel  as  cheap  and  the  oxe  at  half 
price,  we  should  stand  a  good  chance  if  we  had  the  same  market." 

Three  several  estimates  of  cost  of  production  are  presented  in  the  eri- 

dence  of  Mr.  0.  J.   Pusey,  himself  a  practical  iron  maker — the  proposed 

k^^ScUai*"****  furnace  to  be  located  in  the  township  of  Snowdon,  in  Haliburton,  and  to  use 

ores  taken  from  mines  owned  by  Mr.  Pusey's  company.     The  first  of  these 

estimates  was  made  in  1881   by  Messrs.  Taws  and  Hartman  of  Philadelphia 

ooid-biMt\fum-  for  a  cold  blast  furnace  of  100  tons  capacity  per  week,  in  which  it  was  pro- 

*^'  posed  to  use  ores  of  the  Howland,  Imperial  and  New  York  mines,  equal  parts 
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of  each,  giving  a  mixture  of  59  per  cent  iron.     Their  estimate  of  the  cost  of 
a  ton  of  iron  is  as  follows  : 


Items  of  cost. 


4,000  lb.  ore  at  $1  per  ton  

2,620  lb.  (140  bushels)  charcoal  at  6  cents  per  bushel 

177  lb.  limestone 

Labor,  office  expenses  and  superintendent's  salary  . 
Repairs  and  taxes 

Cost  of  one  ton  of  iron  


1.80 
8.40 
10 
2.60 
1.00 


13.80 


Their  estimate  of  the  cost  of  the  furnace,  forty  feet  high  and  eight  feet  bosh, 
with  hoist,  tackle,  cast-house,  blowing  engine  and  pipes  complete,  was  $36,000 
and  of  twenty  charcoal  kilns  $10,000,  each  cord  of  wood  to  cost  $1.30  at  the 
kilns  and  to  produce  45  bushels  of  charcoal. 

The  second  estimate  was  prepared  by  Mr.  J.  P.  Witherow  of  Pittsburg  in 
1884,  and  agrees  with  the  one  given  by  that  gentleman  to  Mr.  Ledyard.     It 
was  for  a  hot  blast  furnace  of  60  tons  daily  capacity,  and  was  based  on  prices  fomaos. 
of  material  and  analyses  of  ores  of  the  Howland  and  Imperial  mines  furnished 
by  Mr.  Pusey.     Following  are  the  details : 


Items  of  cost. 


2  tons  ore  (}  Howland  and  i  Imperial) 

80  busheb  charcoal  at  6  cents 

i  ton  limestone 

Labor 

Salaries  and  incidental  expenses 

Cost  of  one  ton  of  iron 


2.88 
4.00 

26 
2.00 

60 


9.06 


The  third  estimate  was  prepared  by  Mr.  Pusey  himself  for  a  hot  blast 
furnace  of  30  tons  daily  capacity,  to  be  erected  at  the  Imperial  mine  and  to 
use  equal  quantities  of  Howland  and  Imperial  ores.  The  ore  of  the  latter 
mine,  Mr.  Pusey  stated,  is  too  poor  to  ship,  and  he  therefore  proposes  to 
utilise  it  on  the  ground.     His  figures  are  : 


Items  of  cost. 


6,6001b.  ore*    

200  lb.  limestone 

1,800  lb.  (100  bushels)  charcoal  at  6}  cents  per  bushel 

Labor 

Repairs,  taxes,  etc. 


2.31 
16 
6.60 
2.60 
1.00 


Ooet  of  one  ton  of  iron    11 .46 


*  The  larger  quantity  of  ore  in  this  estimate  is  explained  by  Mr.  Pusey's  statement  of 
the  Ima  character  of  the  Imperial  ore,  which  is  too  poor  to  ship. 
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One-half  of  the  product  of  this  furnace,  Mr.  Pusey  stated,  ought  to  be  gooi 
enough  for  wheel  iron  or  malleable  castings,  while  the  remainder  would  hb 
suitable  for  foundry  or  milling  purposes.  Anthracite  and  coke  iron  could 
not,  he  said,  be  made  for  less  than  $14  or  $15  per  ton,  and  the  mirket 
averages  $18  per  ton;  while  with  charcoal  fuel  they  could  make  it  for  $5 
or  $4  less,  and  get  a  better  market  for  the  product. 

The  evidence  of  Mr.  Shortiss  of  Toronto  supplies  an  estimate  of  the  cost 

A  MiohigM  fur-  of  producing  iron  at  Snowdon,  given  in  1885  by  Mr.  McCk>rquodale,  niper- 

intendent  of  the  Jackson  Iron  Co.'s  furnace  in  Delta  county,  Miofaigan.|lIt 

is  based  on  the  use  of  55  per  cent  ore  and  hardwood  charcoal,  and  ii  •• 

follows : 


BMe  flSMQl  Mti 

mat*. 


Items  of  cost. 


2  tons  of  ore  at  $2.60 

100  bushels  charcoal  at  5  cents. 

Limestone 

Labor  and  expenses 

Cost  of  one  ton  of  iron  . . . . 


5.00 

5.00 

95 

1.07 


11.98 


Th«  Jackson 
Iron  Co.'s  far- 


Mr.  McCorquodale  was  certain  that  Snowdon  ore  could  be  delivered  tt  the 
furnace  at  $2.50  per  ton,  while  at  his  own  furnace  the  cost  was  $4.84  per  ton; 
and  he  stated  that  they  were  able  to  make  charcoal  at  5  cents  per  bushel  and 
haul  the  wood  from  three  to  four  miles.  "  It  is  the  long  haul  from  the  moit 
distant  kilns,"  he  added,  '*  that  runs  the  price  up  to  seven  cents  or  a  frsetioa 
over.''  The  cost  of  production  at  the  Jackson  Iron  Ca's  fnmaoe  in  1885) 
where  the  run  was  50  tons  daily,  was  as  follows : 


Items  of  cost. 

— —  t 

14  tons  62%  ore 

112  bosh,  charcoal 

Limestone 

Labor  and  office  expenses 

Cost  of  one  ton  of  iron 


775 
7 


191 


17  57 


The  charcoal  used  at  this  furnace  is  made  of  equal  quantities  of  hard  sn^ 
soft  wood.     **  With  all  hard  wood  charcoal/'  Mr.  McO.  stated, ''  wecanmalc* 
iron  with  95  bushels  per  ton."     This  quantity  at  five  cents  per  bushel  wooli 
reduce  the  cost  to  $14.47. 

William  Rattle  of  Cleveland,  Ohio,  a  mining  engineer  and  analytioJ 

cliemist,  gave  evidence  before  the  Commission  at  Kingston  and  itated  thttb 

lion  or*  of  the  he  had  been  intimately  connected  with  the  smelting  of  iron  since  1872.    Ii 

«rt^  °  his  opinion  the  ores  of  the  Kingston  district  are  as  easy  to  smelt  as  then 

of  the  lake  Superior  district ;    he  favors  Connellsville  coke  for  fael,  wVA 

could  be  laid  down  at  Kingston  at  $5.50  per  ton.     Mr.  Battle's  fiatimafrt  d 
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the  cost  of  producing  a  ton  of  pig  iron,  as  extracted  from  his  evidence,  is  as 
follows : 


Items  of  cost. 


Ore 

Ck>ke 

Flux 

Labor 

Wear  and  tear,  and  interest 

Cost  of  a  ton  of  iron 


4  00 

6  60 

26 

1  00 

60 

11  26 


'*  It  would  not  be  over  $12  a  ton  anyway,"  he  added ;  "  all  over  aad  above 

that  would  be  profit."     If  to  this  be  added   the  government  bonus  of  $1.50 

and  the  customs  duty  of  $4,  it  will  raise  the  price  to  $17.^0  per  ton,  and 

Mr.  Rattle  thinks  that  a  margin  of  $6  should  be  ample  encouragement.    The 

cost  of  producing  pig  iron  in  Cleveland,  he  stated,  was  about  $15,  and  Scotch 

pig  was  selling  in  that  city  at  $21  after  paying  the  duty  of  $7  per  ton.     At 

these  rates  the  American  iron  makers  have  a  profit  of  $6  per  ton  on  coke  iron 

selling  at  $21,  while  Ontario  makers  would  realise  the  same  profit  by  selling 

at  $18  per  ton. 

Mr.  E.  0.  Garlick  of  Cleveland,   mining  engineer  and   metallurgist, 
whose  report  on  the  Henderson  steel  process  is  given  in  the  Appendix,  has 
famished  the  writer  with  an  estimate  on  the  making  of  charcoal  iron,  based  a  cieTeiand 
on  five  years'  experience  in  Ohio,  which  places  the  cost  at  $14.30  per  ton.  wtimitlf***!* 
Following  are  his  figures  : 


Items  of  cost. 


2  tons  60%  ore  at  $1.60  . 
Roasting  ore  at  .37^ .... 
130  bush,  charcoal  at  6c 

Limestone  

Labor 

Repairs  and  incidentals 
Management 


Cost  of  a  ton  of  pig  iron 


3  00 
76 

7  80 
60 

1  60 
60 
26 


14  30 


TThis  is  for  a  ton  of  2,240  lb.  of  pig  iron,  and  by  using  No.  1  ore  the  cost  may 

"be  reduced  75  cents.     The  estimate  is  intended  to  cover  a  period  of  fifteen 

;years,  but  Mr.  Garlick  states  that  in  the  beginning  the  cost  will  not  exceed 

412  per  ton.     As  against  charcoal  iron  imported  from  the  United  States  at  a 

cost  of  $26  per  ton,  this  would  afibrd  a  profit  of  $11.70  to  $14  per  ton.    Deep 

mining  and  long  haulage  of  charcoal  would  increase  the  cost  of  ore  and  fuel  * 

1>nt  with  a  furnace  in  a  favorable  location  the  effect  of  these  causes  would  not 

l>e  feltatthe  beginning  of  the  enterprise. 

22  (M.  C.) 
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The  following  estimate  is  extracted  from  the  statement  of  Mr.  Oerhaaser, 
^ '^"tiu'tdua.  ^^^^^^J  *^^  treasurer  of  the  Detroit  Union  Iron  Oo.,  which  appears  at  the 
end  of  this  Section  and  is  for  the  long  ton  of  pig  iron  : 


\ 


Items  of  co8t. 


§  ton  specular  ore  at  $5.28 

§  ton  hematite  ore  at  $4.48 

^  ton  mafj^netic  ore  at  $4.96 

87  bush,  charcoal  at  7^0 

Limestone 

Labor , 

•  Cost  of  a  ton  of  iron 


8  52 

800 

1  65 

6  52 

06 

1  87 

16  12 


The  cost  of  repairs,  management,  etc.,  is  not  included  in  this  estimate.  The 
iron  ore  is  brought  down  from  the  Marquette  district  of  lake  Superior  during 
the  season  of  navigation,  and  the  charcoal  is  brought  in  by  railway  distances 
ranging  from  80  to  185  miles.  It  is  made  from  two-thirds  of  hard  and  one- 
third  of  soft  wood  and  costs  about  5^  cents  per  bushel  of  20  lb.  at  the  kilns. 
The  pig  iron  is  made  expressly  for  car  wheels  and  malleable  castings,  and  its 
average  selling  price  in  1888  was  $19.52  per  long  ton. 

A  record  of  the  Iron  Mountain  furnace  at  Ironton,  Wisconsin,  as  given 
by  the  manager  to  the  Journal  of  the  Charcoal  Iron  Workers  Association  of 
JJ^n^J^^^  the  United  States  in  1883,*  gives  the  details  of  a  run  of  69^  days.'    The  total 
make  in  that  period  was  739|  tons  (2,268  lb.),  the  ore  yielding  53.6  percent 
Following  are  the  items  of  cost  per  ton  : 


Eeoordof  Iron 


Items  of  cost. 


1.86  tons  ore  at  $2 

87.6  bush,  charcoal  at'6^c 

694  lb.  limestone * 

Labor 

Oil  and  shop 

Cost  of  iron  per  ton 


8  78 
670 

25 
225 

08 


12  00 


The  actual  cost  of  the  ore,  the  manager  stated,  was  80  cents  per  ton  delivered 
at  the  furnace,  but  it  was  charged  up  at  $2  to  give  the  mine  a  profit.  So 
also  the  actual  cost  of  the  coal  was  6  cents  per  bushel,  bat  a  half  cent  was 
allowed  for  stocking  and  extra  handling.  The  furnace  was  an  old  style  stone 
stack,  with  hot  oven  and  boiler  at  the  tunnel-head,  the  stack  27  feet  high 
and  7  feet  10  inches  diameter  at  the  bosh.  When  the  size  and  facilities  of 
this  furnace  are  considered,  the  editor  of  the  Journal  observes,  the  record  is 
truly  remarkable. 

The  Journal  of  the  Charcoal  Iron  Workers  for  1881  gives  the  reoord  of 
twelve  furnaces  daring  six  consecutive,  weeks  in  the  states  of  Hichigtn, 

'Journal  vol.  iv,  p.  23. 
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Missouri,  Maine,  Pennsylvania  and  Maryland,  showing  (1)  the  size  of  each  Reooidofiix 
furnace,   (2)  the  average  weekly   product   of  pig   iron   for   the  period   in  J^ralSj 
long  tons,  (3)  the  estimated  per  cent,  value  of  carbon  in  the  fuel,  (4)  the 
average  quantities'  of  fuel,  ore  and  limestone  used  to  the  gross  ton  of  pig  iron. 
TThe  following  table  gives  the  statistics  of  the  Michigan  furnaces  :* 


Furnace. 


Union  Iron  Co  . 

LeIa'Dd 

Bangor  

Detroit  Iron  Co 
Spring  Lake. . . . 
Deer  Lake 


Bosh. 

ft. 
10    6" 

9  10" 
10    0" 

10  r 

11  0" 
8    0" 


Stack. 

Carbon 
in  fuel. 

Heat 

of 
blast. 

Fuel. 

Ore. 

Flux. 

Weekly 
product. 

ft. 

% 

• 

lb 

lb 

lb 

tons. 

50 

95 

750 

1J50 

3,670 

183 

204 

45 

95 

425 

1,848 

3,997 

153 

183 

43 

93 

850 

1,936 

3,720 

ISO 

312.8 

52 

95 

860 

1,970 

3,770 

151 

266 

45 

94 

850 

1,980 

3,690 

136 

344.2 

47 

94 

750 

1.691 

3,756 

164 

178.3 

For  those  six  furnaces  the  av^erage  quantity  of  charcoal  required  to  smelt 
a  gross  ton  of  pig  iron  was  1,862  lb.,  having  a  carbon  value  of  1,762  Jb.;  the 
average  quantity  of  ore  required  was  3,767  ft).,  and  the  average  quantity  ol 
limestone  for  flux  was  153  lb.  Their  cost  will  depend  on  the  quality  of  the 
ore  and  fuel  and  the  distance  of  the  furnaces  from  the  sources  of  supply , 
but  the  figures  will  be  found  useful  to  some  extent  in  verifying  other  esti- 
mates.! 

A  record  of  the  Detroit  Iron  Furnace  company's  furnace  for  a  campaign  Reconi  of 
of  413J  working  days,  ending  June  28,  1882,t  gives  a  total  make  of  17,257  ^il^et!!^L^ 
gross  tons  (2,260  ft).)  of  pig  iron  from  57  per  cent,  ore,  with  1,649,608  bushels 
of  charcoal.  The  average  quantity  of  charcoal  used  to  make  a  ton  of  pig 
iron  was  95^  bushels  of  20  ft),  per  bushel.  A  Martel  furnace  at  St.  Ignace, 
Michigan,  53  feet  stack  by  10^  feet  diameter  of  bosh,  produced  in  24^  work- 
ing days  in  1881,  from  3,571,200  ft),  of  59J  per  cent,  ore,  950J  tons  of  pig 
iron,  using  1,420,250  ft),  of  charcoal,  being  at  the  rate  of  1,494  &>.  of  charcoal 
for  each  ton  of  iron.§ 

A  record  of  the  Spring  Lake  Iron  Oo.'s  furnace  at  Fniitport,  near  Record  of  th« 
Orand  Haven,  Mich.,  is  given  in  the  Journal  of  the  Charcoal  Iron  Workers  Srn*c«J**'* 
for  a  run  of  8f  years,  or  3,205  days.||     It  is  a  hot  blast  furnace,  45  feet  high  ^*°"«^ 
And  bosh  diameter  of  10|  feet,  and  the  average  temperature  of  the  blast  is 

^Charcoal  Iron  Workers'  Journal,  vol.  n,  p.  873. 

fA  coniparifion  of  28  Swedish  and  18  American  furnaces  published  in  the  Charcoal  Iron 
'Workers*  Journal,  vol.  iii,  p.  393,  supplies  the  following  data : 


Bases  of  Comparison. 


Average  height,  ft 

Average  diameter  of  bosh,  ft 

Average  temperature  of  blast,  F 

Average  weekly  product,  net  tons 

Ore  and  flux  per  ton  of  iron,  lb 

Ore  and  flux  per  lb.  of  charcoal,  lb 

Charcoal  consumed  per  net  ton  of  iron,  lb. 


Swedish. 

American. 

46 

42  6" 

8  9" 

9  8" 

41(f 

636* 

98.22 

218.8 

4,340 

4,096 

2.226 

2.2 

1,950 

1,862 

'XJovaenal  of  Charcoal  Iron  Workers,  voL  ill,  p.  369. 

§Joumal,  vol.  ni,  p.  371.  HJoumal,  vol.  vin,  p.  273. 
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Record  of  the 
Mancclona 
furnace, 
Michiffan. 


850^.     The  ore,  which  varies  in  the  mixture  from  58  to  61   per  cent.  ^  is 
brought  from  lake  Superior  mines   by  rail   and  vessel ;    the  limestone   is 
brought  by  vessel  from  Kelly's  island  in  lake  Erie,  and  the  fael  sappij, 
which  is  made  of  two  to  one  parts  of  hard  and  soft  wood,  is  obtained  at  mnd 
near  the  furnace,  the  longest  haul  being  40  miles  by  railway.     The  toC»^ 
make  of  pig  iron  for  the  3,205  days  of  running  time — from  March  4,  188(^^ 
to  September  7,  1889, — was  153,999  gross  tons,  the  average  make  per  dt^ 
being  48  tons,  and  the  average  quantity  of  charcoal  required  to  make  a  (on 
Becord     th       ^^  ^^^^  being  93  bushels  of  20  I^.  eacL     Another  record  is  given  in  the  same 
Hinkie  furnace,  number  of  the  Joumal  for  the  Hinkle  furnace  of  the  Ashland  Iron  and  Steel 

^  isconsin. 

Co.,  located  at  Ashland,  Wisconsin.     In  a  period  of  389  actual  working  days 
it  made  29,398  gross  tons  of  pig  iron,  being  an  average  of  75^  tons  per  day, 
and  since  then  it  has  made  an  average  daily  run  of  90  gross  tons.     About  85 
bushels  of  charcoal  and  If  tons  of  lake  Superior  ore  were  used  to  make  a  ton 
of  pig  iron.     The  stack  is  a  taper  shell  60  feet  in  height  and  1 2  feet  in 
diameter  at  the  base,  and  two  fire-brick  stoves  heat  the  blast  to  a  tempera- 
ture of  900^.     A  record  of  the  Antrim  Iron  company's  furnace  at  Mancelona, 
Mich.,  for  a  run  of  340  days,  ending  June  1,  1887,*  gives  an  average  of  81| 
bushels  of  charcoal  to  make  a  gross  ton  of  pig  iron,  smelted  from  an  avenge 
of  3,754  It),  of    60  per  cent,  ore  mixed  in  the  proportion  of  80  per  cent, 
hematite    and  20  per  cent,  specular.      The  average  quantity  of  limestone 
used  for  flux   was   156  lb.  per  ton  of  metal,  the  average  quantity  of  ore 
smelted  per  bushel  of  charcoal  was  46^  lb:,  and  the  average  number  of  gross 
tons  made  per  day  was  47^.     The  stack  of  the  furnace  is  48  feet  high,  the 
diameter  of  the  bosh  8  feet  6  inches,  and  the  average  temperature  of  the 
blast  for  the  period  of  the  record  was  850*^.     A  record  of  the  Tecumseh  fur^ 
nace  in  Alabamat  gives  statistics  of  2,080  days  running  time,  from   1875  to 
1882,  during  which  35,927  tons  of  pig  iron  (of  2,268  lb.)  were  prodaced,  of 
which  16,000  tons  was  No.  1.     The  ore  was  a  brown  hematite  yielding  49.2 
per  cent.,  and  the  average  quantity  required  to  make  a  ton  of  iron  was  4,550 
lb.     The  quantity  of  charcoal  required  to  make  a  ton  of  iron  was  2,165  Ih.^ 
and  the  quantity  of  flux  531  lb.  of  limestone.     During  the  campaign  the 
blast  was  maintained  at  an  average  temperature  of  750^  F.  and  the  pressure 
varied  from  1|  to  3  lb.  per  square  inch,  and  the  average  make  of  actual  work- 
ing time  was  17.27  tons  per  day.     The  cost  of  material,  labor,  management 
and  other  expenses  ate  not  given  with  any  of  those  records  ;  but  this  depends 
so  much  on  the  locality  of  the  furnace  that  it  is  of  less  consequence  than 
data  of  material  and  product,  j 

The  cost  of  ore  at  the  mine  is  little  more  than  the  labor  cost  of  nosing' 
it,  which  will  be  greater  or  less  according  as  it  lies  in  the  ground,  the  deptl^- 
from  which  it  htis  to  })e  taken  and  the  effectiveness  of  the  mining  machiner]r^ 
used.     The  pig  iron  yield  of  the  ore  depends  on  its  richness,  but  partly  alsc^ 
on  the  character  of  the  fuel  used,  the  working  qualities  of  the  fumsoe  sntX 


Record  of  the 
Tecumiieh 
furnace, 
Alabama. 


Conditions 
froverninK  the 
Goet  of  ore  and 
fuel. 


•Charcoal  Iron  Workers'  Joumal,  vol.  vii,  p.  208. 

tSee  Joumal,  vol.  iv,  pp.  189-197. 

^Some  high  estimates  of  cost  of  uroduction,  published  by  the  Journal  of  the  Ohanot^ 
Iron  Workers,  are  omitted  because  tney  were  given  with  the  avowed  object  of  lafliWBeiB^ 
tariff  legislation.  » 


the  skill  of  the  furnace  men.  A  theoretically  pure  magnetic  ore  contains 
72.413  per  cent,  of  iron,  and  3,093  lb.  of  this  ore  is  required  to  make  a  gross 
ton  of  pig.  Of  70  per  cent  ore  it  requires  3,200  lb.;  of  60  per  cent,  ore, 
3,733  lb.;  of  50  per  cent,  ore,  4,480  lb.;  of  40  per  cent  ore,  5,620  lb.;  of  30 
percent  ore,  7,467  1b.;  and  of  20  per  cent  ore,  11,200  1b.  The  cost  of 
charcoal  depends  on  the  cost  of  wood  and  the  method  of  producing  it,  and 
nuiges  from  fi^e  and  six  cents  per  bushel  in  Wisconsin  and  Michigan  to  ten 
And  twelve  cents  in  New  York  and  Connecticut  From  numerous  enquiries 
niade  during  visits  to  American  forests  Sir  Lowthian  Bell  estimated  the  cost 
of  a  ton  of  charcoal  (112  bushels  of  20  lb.  each)  to  be  as  follows  : 


Items  of  cost. 


Price  paid  for  timber  as  it  standB  on  ground, 

Cutting  timber 

Charcoal  bamexw  and  loading 


Total  cost  loaded  into  wagons  at  kilns. 


s.  d. 

0  Si 
5  3^ 
18  0 

£140 

^n^is  18  a  fraction  over  five  cents  per  bushel,  but  the  price  of  transport  varies 
^^oording  to  distance.  "  Sometimes  it  is  a  mere  trifle,  but  5s.  or  68.  per 
^ou  is  a  common  charge  for  this  item,  and  occasionally  the  carriage  comes  to 
M  much  money  as  the  cost  of  the  charcoal  itself."*  The  cost  of  the  iron  ore, 
Uke  that  of  the  fuel,  is  added  to  by  the  freight ;  so  that  every  furnace  must 
V^y  for  raw  material  according  to  circumstances.  For  charcoal  furnaces  in 
^tario  the  best  location  must  be  that  which  is  nearest  to  the  supplies  of  ore 
*nd  fneLf 

Mr.  Rathbun  of  Deseronto  stated  to  the  Commission  in  his  evidence 
^iutt  if  iron  smelting  works  were  established  in  that  town  he  could  supply 
charcoal  from  kilns  now  in  operation  at  six  to  eight  cents  per  bushel,  and  he  charooai  at 
thinks  iron  could  be  smelted  profitably  with  charcoal  at  eiicht  cents  per  '^•■•""•^ 
^^QaheL     From  a  cord  of  wood  he  gets  50  bushels  of  charcoal,  4  coal  oil 
l^^rreb  of  liquid  and  from  800  to  1,000  feet  of  gas. 

The  evidence  of  Mr.  Bawden  of  Kingston  relates  the  experience  of  a 
^^uipany  in  which  he  was  interested  in  the  production  of  charcoal ;  but  it  is  ^  „  _,  , 
^^'wfly  valuable  for  the  information  it  gives  on  the  employment  of  charcoal  •▼ideoM  and 
^  coke  enriched  by  water  gas  as  a  fuel  for  the  manufacture  of  pig  iron  and 
^^^1,  on  the  production  of  charcoal  fuel  from  the  waste  material  of  saw  mills 
^Ud  the  possibility  of  utilising  the  splendid  water  power  of  Frontenac  and 
"^Qark  in  the  iron  smelting  industry.  Attention  is  also  directed  to  Mr. 
^wden's  very  instructive  paper  in  the  Appendix,  in  which  a  great  deal  of 
^^Qable  information  on  the  iron  industry  is  presented. 


*PriDeiplfls  of  the  Manufacture  of  Iron  and  Steel,  p.  54. 

^^f**Tbe  location  of  the  blast  furnace  is  originally  determined  by  the  relative  positions,  topo* 
^^iphical  and  political,  of  the  ores,  the  fuel  and  the  fluxes  used,  and  of  the  markets.  Where 
r^  miterials  used  are  found  in  contiguous  localities,  as  often  happens,  the  furnace  is  usually 
^^ested  at  a  point  as  near  as  poosible  to  that  district.  Where  toe  materials  are  necef^sarilj 
S^MMported  connderable  distances  the  cost  may  be  reduced  by  location  near  the  ore  bed." — 
IWvfeon's  Iron  and  Steel,  p.  144,  4th  ed. 
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POSSIBILITIES    OF    PRODUOTION     IN     OKTABIO. 

The  countries  which  lead  in  the  production  of  charcoal  Itod  are  the 
Production  of  United  States  and  Sweden,  and  both  are  favored  by  having  large  soppliefr 
the  United^"  ^  ot  wood  for  the  manufacture  of  charcoal.  In  Sweden  soft  woods  soeh  u 
fweSn!"**  pi^^®  *re  very  largely  used,  together  with  the  waste  material  of  saw  milli. 
In  the  United  States  the  locations  of  the  industry  have  shifted  with  the 
progress  of  settlement.  Down  to  1840  charcoal  fuel  was  used  almost  exdii* 
sively  in  the  smelting  of  iron  ores,  but  since  then  mineral  coals  have  been 
used  extensively  and  the  charcoal  furnaces  have  receded  to  the  backwoods. 
At  the  present  time  about  one-half  of  the  charcoal  iron  of  the  United  States 
is  produced  in  Michigan  and  Wisconsin,  although  the  Salisbury  district  (em- 
bracing portions  of  Connecticut,  Massachusetts  and  New  Tork)  continues  to 
show  no  diminution.  Iron  smelting  began  in  this  district  more  than  a  cen- 
tury and  a  half  ago,  the  first  forge  having  been  erected  at  Lime  Rock  in  IIU, 
and  the  first  blast  furnace  at  Lakeville  in  1762,  and  the  fine  quality  of  the 
iron  made  from  the  brown  hematite  ores  of  that  vicinity  has  maintained  a 
steady  demand  for  it  ever  since.  The  average  yearly  pix>duction  of  cfaaroosl 
iron  in  the  United  States  for  the  ten  years  1878-87  was  very  nearly  600,000 
net  tons,  ranging  from  293,399  tons  in  1878  to  697,906  tons  in  1682.  In 
Sweden  the  average  yearly  production  of  tlie  live  years  1882-86  was  474,000 
net  tons,  ranging  from  439,63?  tons  in  1882  to  487,587  in  1886.  Swedish 
iron  enjoys  the  reputation  of  being  the  best  in  the  world,  and  large  quantities 
of  it  are  imported  into  England  every  year  in  pigs,  blooms  and  bars  for  the 
manufacture  of  cutlery  and  other  purposes  in  which  a  tine  quality  of  iron  i* 
required.  But  where  good  ore  is  used  and  intelligent  methods  are  employed 
American  charcoal  iron  is  little  if  at  all  inferior  to  the  Swedish  ;  andalthoogh 
the  conversion  of  iron  into  steel  by  modern  economic  methods  has  enabled 
manufacturers  to  use  steel  for  many  purposes  in  which  charcoal  iron  wss 
formerly  regarded  as  indispensable,  there  is  no  cause  to  fear  the  displacemoit 
of  charcoal  iron,  or  any  reduction  in  the  present  demand  for  it,  except  in  the 
event  of  some  discovery  in  the  process  of  treating  and  improving  the  poorest 
qualities  of  iron  that  would  put  the  invention  of  Bessemer  under  eclipse. 
In  the  present  state  of  the  industry,  and  with  our  present  knowledge  of  the 
metallurgy  of  iron,  the  outlook  for  charcoal  iron  is  sufficiently  encouraging 
it« production ?n  ^o^  ^^^y  ^  justify  makers  in  maintaining  their  present  works  but  in  the 
^*^®'  enlargement  of  their  operations.     The  field  in  Ontario  is  unoccupied,  vA 

here,  if  anywhere,  a  favorable  opportunity  is  presented  for  enterprise  in  spite 
of  our  record  of  failures.  We  have  a  home  market  of  limited  extent  to 
supply,  and  with  suihcient  capital  and  under  skilful  and  prudent  management 
we  should  be  able  to  find  a  foreign  market  also. 

One  of  the  estimates  given  of  the  cost  of  producing  charcoal  ironio 
Ontario  in  the  foregoing  pages  was  prepared  by  Mr.  Birkinbine,  secretary 
•athority'8  of  the  United  States  Association  of  Charcoal  Iron  Workers  and  editor  of 
their  journal.  In  an  article  on  the  possibilities  of  manufacturing  charcoti 
iron  in  Canada,  published  in  1883,^  Mr.  Birkinbine  states  that  he  made  ser- 
eral  visits  to  our  country  to  study  the  position  she  occupies  and  the  ii&^ 

*  Journal,  vol,  iv,  pp.  337-47. 
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which  she  should  take  as  an  iroa-producing  conntry,  travelling  for  more  than 
a  hundred  miles  through  a  section  drained  by  the  Ottawa  river.  "  In  the 
midst  of  some  of  the  finest  forests  of  the  district  lately  visited,"  he  says,  **are 
outcrops  of  magnetic  and  specular  iron  ore,  some  of  them  of  most  encouraging 
character,  and  a  number  of  Jakes  and  streams  offer  favorable  locations  for  the 
establishment  of  iron-producing  industries.  In  this  section  also  a  number 
of  mines  are  operated,  producing  a  considerable  quantity  of  ore  of  excellent 
quality,  not  one  pound  of  which,  so  far  as  we  could  learn,  is  smelted  in 
Canada.     What  ore  is  mined  goes  to  the  United  States,  beina:  carried  to  lake  Ontario  owea* 

°  °  ported  to  Um 

ports  by  rail,  thence  transferred  by  boats  to  points  in  the  state  of  New  York,  united  stut*. 
and  from  these  shipped  several  hundred  miles  to  blast  furnaces  to  be  smelted 
into  pig  iron,  after  paying  a  duty  of  seventy-five  cents  per  ton.  We  very 
much  doubt  if  a  ton  of  the  ore  taken  from  the  vicinity  mentioned  reaches  a 
United  States  port  on  which  the  charges  for  railroad  and  water  transporta- 
tion and  duty  are  less  than  from  $1.75  to  $2,  independent  of  cost  of  mining 
the  ore.  When  it  is  remembered  that  most  of  the  ore  exported  is  of  a  superior 
quality,  (and  it  must  be  to  bear  the  transportation  and  duty  charges),  that  a 
considerable  portion  of  it  comes  from  a  densely  timbered  section,  where  land 
yielding  fifty  to  seventy  cords  per  acre  can  bo  purchased  for  two  or  three  TOveramMST 
dollars  per  acre,  that  the  Dominion  government  to  encourage  iron  manu-  ^°'**- 
facture  will  for  three  years  from  July  1,  1883,  pay  a  bonus  of  $1.50  for  each 
ton  of  pig  iron  produced  in  Canada  from  Canadian  ores  and  for  the  next 
three  years  $1  per  ton,  it  seems  strange  that  practically  Canada  is  a  non-pro- 
ducer of  iron.  We  feel  justified  in  making  the  assertion  that  we  can  locate 
furnace  sites  where  charcoal  iron  can  be  made  practically  a  permanent  indus- 
try, where  ore  for  a  ton  of  iron  would  not  cost  more  than  from  $4  to  $5, 
where  cordwood  could  for  many  years  be  laid  down  at  the  works  at  from 
$1.25  to  $1.50  per  cord,  and  where  the  distance  to  lake   ports  or  other  dis-  ^     ^^      _^ 

,  A  pontiTe  opta« 

tributing  points  would  be  no  greater  than  ore  is  now  carried  to  be  shipped  ion  on  profiliM* 

prodttotleB. 

to  the  United  States.  In  short  we  are  certain  that  superior  charcoal  pig  iron 
can  be  made  in  Canada  and  delivered  in  its  principal  cities  at  a  profit  for  the 
same  price  that  ordinary  English  coke  iron  is  now  sold  there."  The  same 
authority  writing  again  in  1889^  appears  to  think  that,  although  the  abun- 
dance of  timber  promises  a  supply  of  charcoal  for  an  industry  of  considerable 
dimensions,  and  that  there  is  a  large  field  for  the  manufacture  of  iron  with  iion  ameitty 
charcoal,  the  bulk  of  the  iron  in  this  country  will  most  probably  be  smelted  fuel 
with  mineral  fuel.  He  accordingly  favors  the  location  of  blast  furnace  works 
at  Ottawa,  as  a  convenient  centre  for  the  delivery  of  ores  from  mines  in  On- 
tario and  Quebec  and  also  for  supplies  of  coke  or  anthracite  coal  from  Penn- 
•ylvania.  He  expresses  the  opinion  that  under  favorable  railroad  rates  the 
coat  at  Ottawa  of  coke  furnished  in  large  quantities  from  the  Connellsville 
district  should  be  practically  the  cost  at  Chicago  plus  the  duty  of  60  cents 
per  ton ;  but  if  coke  made  from  coal  in  some  of  the  northern  counties  of  Pennsyl- 
rania  were  used  "  there  would  be  a  difierence  in  distance  of  about  100  miles  in 
favor  of  Ottawa  as  compared  with  Chicaf^o  to  offset  the  duty."     This  assumes 

*  Jouma],  vol.  viii,  pp.  290-8. 
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that  the  same  railway  rates  could  be  obtained  from  Pennsylvania  to  Ottawa  as 
from  Pennsylvania  to  Ohicago,  which  is  not  at  all  likely  owing  to  the  re- 
striction upon  trade  between  Oanada  and  the  United  States  and  the  conse- 
quent difficulty  of  obtaining  return  cargoes.  But  assuming  the  rate  to 
Ottawa  to  be  twenty-five  cents  per  ton  higher  than  to  Chicago,  he  estimates 
AoMtiinftte  of    the  cost  of  coke  delivered  at  Ottawa  with  duty  paid  at  $5.10  per  ton,  and 

iHMt  of  prodoc-  ,  •  #» 

Mon.  anthracite  coal  would  cost  about  the  same.     The  cost  of  roasted  iron  ore  of 

60  per  cent,  richness  he  estimates  at  $2.55  per  ton  delivered,  and  the  flux 
necessary  to  smelt  a  ton  of  iron  at  fifty  cents.  With  these  data  Mr.  Birkin- 
bine  makes  the  following  estimate  for  the  cost  of  a  gross  ton  of  pig  iron  : 


Items  of  •oat. 

$ 

1%  tons  of  ore  at  $2.55 

4  25 

650 

60 

2  76 

Fuel 

Flux 

Labor,  repairs,  office  expenses,  etc 

Cost  of  a  ton  of  iron 

14  00 

Oan  pig  iron  be 
produMdinOan- 
ada  to  compete 
with  foreifni 
metal? 


An  ample 
margin. 


diarooal  Iron; 


This  figure,  he  states,  is  possibly  above  what  practical  operation  may  demon- 
strate as  the  actual  outlay,  but  it  is  still  sufficiently  low  to  encourage  operations 
which  will  displace  at  least  a  part  of  the  50,000  tons  of  pig  iron  annually 
imported  into  the  Dominion,  or  furnish  material  to  produce  a  portion  of 
the  250,000  tons  of  manufactured  iron  which  enters  Oanada  every  year 
from  other  countries.  And  then  Mr.  Birkinbine  proceeds  to  answer  the 
question,  '*  Can  pig  iron  be  produced  in  the  Dominion  to  compete  with 
foreign  metal  ? "  "  The  Canadian  duty,''  he  says,  ''  is  now  $4  per  net  ton  on 
pig  iron — the  estimated  cost  above  is  per  gross  ton.  In  addition  the  govern- 
ment offers  a  bonus  of  $1  per  net  ton  on  all  pig  iron  made  in  Oanada  from 
Canadian  ores ;  therefore  the  domestic  metal  would  be  protected  at  least  ontil 
the  expiration  of  the  bounty  period  to  the  extent  of  $5  per  net  ton,  or  about  95.60 
per  gross  ton.  If  now  pig  iron  at  Ottawa  costs  $14  per  ton  foreign  metal  would 
have  to  be  delivered  there  at  $8.40  per  ton  to  meet  this  cost.  But  an  allowance 
for  profit  must  be  made  ;  including  this,  as  well  as  the  percentage  of  loasfrom 
bad  debts,  and  also  adding  liberally  for  possible  discrepancies  in  the  estimate, 
say  $2.60,  the  domestic  product  could  meet  foreign  iron  delivered  at  Ottawa 
at  $11  per  ton.  As  the  iron  is  shipped  away  from  Ottawa  freights  most  be 
added,  but  there  still  seems  to  be  ample  margin  to  encourage  the  prodnction 
of  domestic  pig  iron  in  Canada.  The  estimates  offered  are  for  the  production 
of  pig  iron  using  anthracite  coal,  coke,  or  a  mixture  of  these  two  fuels,  bat 
the  subject  should  not  be  dismissed  without  considering  the  possibility  of  em- 
ploying charcoal  as  fuel,  and  considerable  diEcussion  has  from  time  to  time 
been  had  upon  the  utilisation  of  the  enormous  waste  from  the  miUsjat  Ottawa 
by  converting  it  into  charcoal.  The  slabs  and  larger  refuse  could  be  charred 
in  kilns,  but  most  of  the  timber  now  used  in  the  mills  is  of  a  character  pro- 
ducing charcoal  of  inferior  quality  for  blast  furnace  use.  Improvements  is 
manufacture  are  also  utilising  much  of  the  waste  for  special  prodaote,  wfaieh 
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reduce  the  chances  of  a  permanent  supply  for  this  purpose.     There  seems  to 
be  more  encouragement  to  convert  the  sawmill  refuse  and  sawdust  into  gaseous 
fuel,  as  in  Sweden,  and  use  it  for  manufacturing  iron  and  other  metallurgical 
purposes.     Gas  producers  for  this  purpose  would  have  to  be  equipped  with 
condensers,  for  the  refuse  material  supplied  to  the  producers  would  carry  40 
per  cent,  or  more  of  water.     If  pig  iron  is  produced  in  the  vicinity  of  Ottawa 
there  would  seem  to  be  good  encouragement  for  investigating  the  economical 
employment  of  this  waste  material,  and  also  the  possible  utilisation  of  some 
of  the  water-power  available  in  the  vicinity.     As  noted  before,  the  production 
of  oharcoal  pig  iron  apparently  offers  greater  advantages  at  some  of  the  locali- 
ties where  the  ores  and  hardwood  timber  are  contiguous.  The  charcoal  required 
for  smelting  a  ton  of  pig  iron  would  probably  cost  from  $7  to  $8  at  Ottawa, 
from  $1  to  $2  in  excess  of  the  cost  at  the  other  points  indicated.     As  this 
•charcoal  iron  would  be  used  for  special  purposes,  it  would  command  a  corres- 
pondingly high  price  in  the  market.''     Assuming  the  furnaces  to  be  erected  in 
one  of  the  well-timbered  districts  in  the  vicinity-  of  the  iron  mines,  the  cost  of 
producing  charcoal  iron,  according  to  this  latest  estimate  of  Mr.  Birkinbine, 
would  be  $13.50  to  $14.50  per  gross  ton,  and  it  has  been  shown  that  the  cost 
of  imported  charcoal  pig  to  consumers  ranges  from  $26  to  $38  per  ton.  j^y^^  ^^^  ^  ^. 
Apparently,  then,  the  possibilities  of  producing  charcoal  iron  in  Ontario  are  **°»*«*  profit, 
sufficiently  encouraging,  and  with  a  profit  of  100  per  cent,  upon  sales  made  at 
the  lowest  price  of  imported  American  charcoal  iron4he  industry  should  be  a 
fairly  remunerative  one. 

TREATMENT    OF    MAGNETIC    ORES. 

In  his  remarks  upon  ores  in  the  vicinity  Oa  Ottawa  Mr.  Birkinbine 
observes  that  those  nearest  the  city  are  generally  sulphurous,*  but  that  this  ^  ,  ^ 
'should  not  necessarily  condemn  them  in  view  of  the  facts  that  over  one  magnetic  or«i. 
million  tons  of  sulphurous  magnetites  are  annually  smelted  in  the  United 
States  and  that  some  of  the  American  furnaces  which  have  been  most  succes- 
f  ul  financially  have  used  entirely  or  largely  such  ores.  Blast  furnace  practice, 
lie  states,  has  shown  that  it  is  difficult  to  produce  good  foundry  grades  of  pig 
iron  with  dense  magnetites,  especially  if  they  carry  considerable  sulphur. 
^*  But  modem  plants,  improved  methods  and  chemical  research  have  done 
much  to  remove  these  troubles,  and  it  is  not  prophecy  to  state  that  with  a 
^ell  equipped  and  properly  managed  plant,  using  thoroughly  roasted  mag- 
netites instead  of  ore  partially  calcined,  satisfactory  work  in  this  particular 
can  be  obtained."!  There  are  few  difficulties  in  nature  which  the  ingenuity 
of  man  cannot  surmount,  and  science  has  already  won  many  triumphs  in  the 
treatment  of  unclean  ores.  Only  a  few  years  ago  the  practice  was  to  roast  Unmeoeskfai 
sulphurous  ores  in  lumps  of  any  size  as  taken  from  the  mine,  and  some  of 
our  dense  Ontario  magnetites  were  condemned  at  Ohio  and  Pennsylvania  fur- 
naces because  it  was  found  that  the  roasting  which  was  sufficient  with  less 
•compact  ores  was  in  their  case  only  superficial,  showing  effect  only  to  the 
depth  of  half  an  inch  or  an  inch  according  to  the  heat  used  and  the  time  An  improrad 
taken  in  roasting.     Now  the  practice  is  to  break  up  hard  ore  to  a  uniform  ^' 

*Thi8  applies  more  particularly  to  the  mines  on  the  Quebec  side  of  the  Ottawa  river. 
fJoumal,  vol.  viii,  p.  294. 
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size  by  running  it  through  a  crusher,  such  as  the  Blake  or  the  Gates.  The 
New  Jersey  and  lake  Superior  magnetic  ores  are  treated  in  this  way,  and 
with  improved  roasting  furnaces  the  process  is  found  to  be  very  satisfactory. 
But  there  are  various  other  methods  employed  in  preparing  ores  for  the  smelt- 
ing furnace,  one  of  which  is  worthy  of  special  mention  because  of  the  succesv 
claimed  for  it  in  cleaning  magnetic  ores.* 
_^  One  of  the  first,  if  not  the  first,  to  suggest  the  applicaltion  of  magnetic 

trMiment.         treatment  to  magnetic  ores  containing  sulphur,  titanium  or  phosphorus  wa9 
Dr.  Sterry  Hunt.     In  his  report  on  Iron  and  Iron  Ores  in  I869t  he  refers  to 
a  massive  granular  titaniferous  ore  at  St.  Francois,  on  the  Chaudiere  river, 
Quebec,  which  consists  of  a  mixture  of  about  two-thirds  magnetic  oxide  of 
iron,  and  one-third  of  a  titanic  iron  holding  not  less  than  48  per  cent,  of  titanic 
Se'of  the  ma  -  *^^^-    '^^®  ^^^»  ^®  Stated,  were  readily  separated  by  a  magnet,  **  and  it  is  prob- 
•Decim**  ^n     *^^®  *^^*  ^y^  ^  magnetic  separating  machine  it  will  be  possible  to  make  use 
pure  ma^etio    of  this  and  of  similar  ores  for  the  preparation  of  iron  in  the  direct  way,  to 
which  the  purified  magnetic  oxide  is  well  adapted."     In  the  case  of  a  mag- 
netic ore  found  on  an  island  in  Mud  lake,  in  the  township  of  South  Crosby, 
which  contained  nearly  10  per  cent,  of  titanio>  acid  and   H  per  cent,  of 
sulphur,  he  found  that  **  when  the  pulverised  ore  is  treated  with  a  magnet  it 
is  partially  purified,  the  non-magnetic  portion  retaining  the  sulphur  and  a 
large  part  of  the  titanium.     The  magnetic  portion  equalled  74.2  per  cent^ 
and  contained  54.76  per  cent,  of  metallic  iron  and  5.70  of  titanic  acid."| 

Dr.  Hunt  also  mentions  a  great  mass  of  iron  ore  found  on  Rapid  river, 
which  empties  into  the  bay  of  Seven  Islands,  containing  nearly  34^  per  cent, 
titanic  acid.  *'  When  pulverised  and  treated  by  a  magnet  it  wbs  separated 
into  two  portions,  one  strongly  magnetic,  equal  to  57  per  cent.  The  remainder 
gave  by  analysis  51.14  of  titanic  acid  and  39.75  of  peroxide  of  iron, 
besides  8.30  of  insoluble  residue.  The  magnetic  portion,  contrary  to  what 
might  have  been  expected  from  the  readiness  with  which  it  was  attracted  by 
the  magnet,  contained  not  less  than  24.80  per  cent,  of  titanic  acid.  It  was 
nearly  free  from  Silicious  impurities,  and  almost  wholly  soluble  in  hydrochlorio 
acid."§  In  many  magnetic  ores  the  sulphur,  phosphorus,  etc.,  are  for  the  most 
part  physically  united  with  the  iron,  and  in  such  cases  separation  with  a 
magnet  after  crushing  takes  place  readily  ;  but  where  the  substances  are 
chemically  united  separation  by  the  magnetic  process  cannot  be  looked  for. 
Whether  Dr.  Hunt  was  the  first  to  employ  the  magnet  upon  hand  speci- 
imporuntinven-  mens  of  Ore  in  the  way  here  indicated  or  not,  it  is  certain  that  the  experi- 
ment contained  the  germ  of  a  very  important  invention. 

The  first  magnetic  iron  ore  separator  of  which  the  writer  has  found  an 
mATnetio  sepa-   account  was  the  invention  of  C.  G.  Buchanan  of  Rockaway,  New  Jersey, 
and  was  used  to  treat   black  magnetic  sand  containing  a  large  percentage 
of  titanic  acid.     In  a  paper  read  before  the  U.  S.  Association  of  Charcoal 

*The  wftfihing  process,  which  is  used  in  reducing  the  earthy  matter  of  hematite  and 
specular  ores,  is  an  old  but  serviceable  invention,  and  where  there  is  a  good  supply  of  water 
it  in  worked  at  very  small  cost.  At  the  Old  Hill  mine  in  the  Salisbury  district,  Uonnecticnt, 
machinery  for  crushing,  washing  and  screening  the  ore  reduces  the  material  as  hoisted  from 
the  mine  to  25  per  cent,  of  its  bulk,  that  is  to  say,  of  100  parts  raised  75  are  washed  away, 
being  earthy  matter  of  no  value. 

t  Geological  Survey  report,  1866-9,  p.  253.  t  p.  258.  §  p.  26a 
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m  Workers  in  1881    Mr.  Hoagland,  the  manufacturer  of  this  machine, 
s^^ted  that  it  separates  the  magnetic  sand  so  thoroughly  that  none  of  the 
tiftsnium  is  found  in  the  portion  which  passes  over  the  magnet ;  '*  in  tact 
nr-lxere  properly  managed  the  product  of  the  machine  will  yield  by  analysis  71 
&n.cl  72  per  cent,  metallic  iron.''     The  results  of  the  separation  were  so  satis- 
fckotory,  Mr.  Hoagland  went  on  to  say,  that  parties  who  have  other  ores  than 
1>lack  sand  have  used  machinery  invented  by  Mr.  Buchanan  to  pulverise  and 
separate  them,  preferring  the  magnetic  process  because  the  fine  ore  which  is 
-viraBhed  away  by  the  jigging  process  is  all  saved,  the  magnet  leaving  less  than 
fyviro  per  cent  of  ore  in  the  tailings.^     The  machine  is  composed  of  two  iron 
csylinders  parallel  to  each  other  and  supported  at  each  end  by  a  pair  of  horse- 
alioe  shaped  iron  standards,  with  journals  in  which  the  axes  of  the  cylinders 
play  when  the  machine  is  in  motion.     The  standards  are  insulated  and  are 
oloflely  wound  with  heavy  insulated  copper  wire,  so  that  when  charged  they 
l>ecome   powerful   electro-magnets,  with  positive  and  negative  poles.     The 
<7^i^d6rs  become  magnetised  by  induction,  and  in  this  way  a  magnetic  field 
is  formed  between  them,  capable  while  the  machine  is  in  operation  of  holding 
a  Weight  of  500  or  600  lb.,  but  non-magnetic  on  the  opposite  sides.     The 
"whole  is  set  in  a  strong  wooden  frame,  the  standards  being  firmly  bolted  to 
cross  timbers  at  the  base,  while  a  pair  of  hoppers  over  the  cylinders  hold  the 
pulverised  ore   which  is  to  be  treated.     The  operation  of  the  machine  is  oper»a<m  of  the 
described  as  follows  :  The  cylinders  are  rotated  towards  each  other  at  a  speed  n»d»ino- 
I       of  from  60  to  75  per  minute,  and  the  hoppers  are  opened  by  regulated  slides 
*t>  that  the  ore  falls  upon  them.     Being  carried  between  the  cylinders  into 
the  magnetic  field,  all  that  is  magnetic  is  attracted  and  attached  to  the  faces 
of  the  cylinders  and  is  carried  round  to  a  point  whore  they  lose  their  magnetic 
oSect,  when  it  drops  into  shoots.     The  earthy  and  all  other  non-magnetic 
components  of  the  pulverised  ore  are  acted  upon  by  gravity  alone,  and  falling  ' 
^^disturbed  through  the  magnetic  field  a  nearly  perfect  separation  is  effected. 
'The separators  are  built  in  three  different  sizes,  ranging  in  capacity  from  20 
to  100  tons  per  day.t 

The  Conkling  magnetic  concentrating  machine  has  been  used  to  treat 
'^^Agnetic  iron  ore  containing  phosphorus,  and  its  construction  is  thus  described  :  mi^etiooon 
The  pulverised  ore  is  discharged  from  a  hopper  to  a  feed-belt  which  delivers  **"*™*®'' 
'^  into  a  narrow  shoot,  from  which  it  drops  upon  a  horizontal  india-rubber 
^^t  running  at  right  angles  to  it  at  a  speed  of  1,000  feet  a  minute.     Above 
^^  lower  surface  of  this  belt  are  placed  vertically  two  electro-magnets.  These 
"^Use  the  magnetic  particles  of  the  ore  to  adhere  to  the  belt  which  carries 
*het|^  away  laterally,  the  tailings  remaining  on  the  feed- belt  and  discharging 
^to  a  shoot.     The  concentrates  fall  upon  a  second  feed-belt,  pass  under  a 
*^^^iid  magnetic  field,  and  finally  under  a  third.  |     Ore  dressing  experiments 
^th  this  machine  are  given  as  follows  :  The  crude  ore  from  Lehigh  mountain 
^^tained  39  per  cent,  of  iron  and  .038  per  cent,  of  phosphorus,  whilst  the  ment*      * 
^ticentrates  contained  66.24  per  cent,  of  iron  and  .005  per  cent,  of  phos- 


*The  Charcoal  Workers'  Journal,  toI.  ii,  p.  322-3.        f  Journal,  vol.  in,  p.  4C0. 
journal  of  the  Iron  and  Steel  Institute,  No.  2,  1888,  p.  189. 
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phorus.  Mount  Hope  ore  containing  in  its  crude  state  58  per  cent,  of  ini 
and  .1  per  cent,  of  phosphorus  yielded  concentrates  with  70.47  of  iron,  .023 
phosphorus  and  1.27  silica. 

A  magnetic  iron  ore  purifier  invented  by  Thomas  A.  Edison  and  setup 
in  his  laboratory  at  Orange,  New  Jersey,  was  seen  in  operation  by  the  writer 
in  June,  1889.     It  consists  of  a  series  of  crushers  which  reduce  the  ore  tot 
20-mesh,  and  a  powerful  magnet  which  separates  the  pulverised  ore  into  iti 
magnetic  and  non-magnetic  parts.     The  ore  is  broken  and  pulverised  in  a 
series  of  crushers  and  rollers  and  sifted  through  an  oblique  screen,  whence  h 
is  carried  by  elevators  to  a  V-shaped  hopper  over  the  magnet.     This  hopfff 
is  about  six  feet  long  with  a  bottom  of  two  iron  plates,  one  of  which  is  nioelj 
adjusted  to  open  and  clope  by  a  screw.     When  in  operation  a  regulated 
stream  of  the  ground  ore  descends  from  the  hopper  in  front  of  the  magnet— i 
massive  bar  of  soft  iron  charged  from  a  dynamo — by  which  the  iron  is  deflected 
and  separated  from  the  non-magnetic  portion  of  the  ore.     A  thin  movable 
partition  of  sheet  iron  set  in  a  light  wooden  frame  is  placed  on  the  floor,  io  ft 
position  to  divide  the  concentrates  from  the  tailings.     The  bar  is  magnetittd 
to  any  required  power,  and  the  simple  process  of  drawing  the  magnetic  pir. 
tides  of  iron  out  of  the  vertical  separates  it  from  all  free  non-magnetio  im- 
purities, such  as  silica,  sulphur,  phosphorus  and  titanium.     It  does  not  seem 
likely  that  where  these  are  chemically  united  with  the  iron  they  can  ^ 
separated  from  it ;  but  they  exist  to  a  greater  or  less  extent  free,  and  wheie 
this  is  the  case  and  the  ore  is  finely  pulverised  they  separate  readily.    Mr. 
Edison  has  had  analyses  made  which  show  that  the  proportional  quantitirB 
of  titanium,  phosphorus,  etc.,  have  been  largely  reduced.     Besides,  the  pro- 
cess gives  an  ore  of  much  greater  richness,  for  while  in  the  native  state  it  may 
only  be  50  per  cent,  it  can  be  increased  by  eliminating  the  imparities  to  60, 
65  and  even  70  per  cent.     This  has  been  proven  by  experiments  carried  on 
upon  a  large  scale  with  ores  in  New  Jersey  and   Pennsylvania,  the  concMi- 
trates  of  which  are  sold  to  local  furnaces.     Mr.  Edison  and  others  with  him* 
have  bought  mining  properties  in   Pennsylvania  the  ores  of  which  contain 
only  30  per  cent,  iron,  with  large  proportions  of  lime  and  apatite  in  the 
gangue,  and  they  have  a  mill  in  operation  with  a  capacity  of  250  torn  pn 
day  which  increases  the  iron  in  the  concentrates  to  50  per  cent,  and  veiy 
considerably  lowers  the  percentage  of  phosphorus.      When  asked  if  be  did 
not  fear  that  the  finely  pulverised  ore  would  be  difficult  to  smelt  by  reason 
of  its  smothering  the  stack,  Mr.  Edison  said  he  thought  it  would  not  ae  in 
Sweden  they  had  smelted  pulverised  ore  successfully  ;  he  thought  the  cow 
and  flux  would  keep  it  sufficiently  open  for  draft.*     Mr.  Edison  believes  alio 

^Phillips  in  hi8  Metallurgy  of  Iron  bays  that  on  account  of  their  fine  state  ircm  tasflj 
have  not  been  successfully  employed  for  the  production  of  cast  iron,  but  at  the  Moinc  worB 
they  are  directly  converted  into  wrought  iron  in  a  bloomary  furnace  with  satisfactory  rendt^ 
The  Journal  of  the  Iron  and  Steel  Infititute.  (No.  2,  1888,  p.  186),  records  that  in  concentrtt- 
ing  the  poorer  quartzoHe  ore?  of  Norberg,  in  Sweden,  the  practice  at  firHt  was  to  mannfscttH' 
the  cruHned  ore  into  briijucttes  with  the  aid  of  lime  ;  but  as  it  was  found  that  these  diiiote^ 


the  powdered  ore  varies,  half  being  in  the  form  of  dust  and  half  in  pea-sized  fragments.  Tbt 
furnaces  work  excellently,  and  the  pressure  of  the  blast  had  to  be  rained  only  very  slig^tlTi 
It  is  thus  evident  that  the  moulding  into  briquettes  is  unnecessary.    At  the  lame  time  Oe 
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that  by  using  a  high  stack  sufficient  heat  will  reach  the  ore  within  five 
minutes  of   putting  in   the  charge  to  drive  off  any  remaining  portion  of 
sulphur  contained  in  the  ore.     With  experience  gained  in  the  laboratory  and 
in  a  commercial  way  at  the  mills  now  in  operation,  Mr.  Edison  feels  war- 
ranted  in   making  the  following  claims  for  his  machine:  (1)  That  it  will  ciidmsmiMie  for 
crush  and  separate  the  ore  at  a  loss  or  waste  of  only  Ij^  or  2  units  of  iron,  machine. 
(2)  That  with  ore  containing  40  per  cent,  of  metallic  iron  as  mined  it  will 
produce  concentrates  averaging  65  per  cent.     (3)  That  it  will  treat  at  a  prof- 
itable rate  ore  containing  as  low  as  20  per  cent,   of  iron,  without  throwing 
any  portion  of  it  in  the  waste  heap  or  sorting  it  into  second  class  piles. 
(4)  That  by  grinding  all  ore  raised  from  the  mine  down  to  20  units,  the  cost 
of  mining  may  be  reduced  40  or  50  per  cent  and  30  per  cent,  of  the  ore  as 
mined  may  be  saved — the  usual  practice  being  to  throw  all  ore  carrying  less 
than  40  per  cent,  of  iron  into  the  waste  heap.     (5)  That  it  will  reduce  the 
phosphorus  in  magnetic  ores  by  75  to  80  per  cent.     (6)  That  a  machine  of  1,000 
tons  daily  capacity  will  mill  and  refine  ore  up  to  65  per  cent,  iron  at  a  cost  of 
seventy  cents  per  crude  ton.     (7)  That  Canadian  magnetic  ore  carrying  an 
average  of  50  per  cent,  metallic  iron  can  be  concentrated  to  68  per  cent,  and 
delivered  in  Cleveland  duty  paid  against  65  per  cent,  ore  from  lake  Superior. 
At  the  iron  mines  of  Witherbees,  Sherman  <fe  Co.   near  Port  Henry,  on 
the  New  York  side  of  lake  Champlain,  two  magnetic  separators  were  tried  in 
the  spring  and  summer  of  1889.     The  Ball,  Norton  &  Porter  separator,  made  Sn  JporS^' 
at  West  Troy,  was  in  use  for  three  weeks  in  March,  after  which  it  was  taken  ^J^*'***' 
to  a  mine  at  Little  River  in  the  Adirondacks  and  was  worked  there  during 
the  summer.     It  consists  of  two  leather  belts,  13  inches  wide  and  running  on 
rollers  three  feet  apart,  one  close  above  the  other  and  lapping  about  half  its 
length.     A  stationary  magnet  composed  of  ten  bars  of  iron,  alternately  positive 
and  negative,  is  placed  within  the  upper  belt  so  as  to  overlap  the  lower  one.  The 
ore  is  crushed  to  a  size  varying  from  one-quarter  of  an  inch  to  a  I6-mesh,  and 
is  fed  through  a  hopper  upon  the  lower  belt,  which  in  motion  revolves  at  a 
speed  of  300  feet  per  minute.     The  upper  belt,  within  which  is  the  magnet, 
revolves   in   the   contrary   direction   at   a   speed  of    150  feet  per    minute. 
When    the    machine    is    in    operation    the     ore    is    carried    forward    on 
the    lower    belt    until    it    comes   within    the    influence    of    the    magnet. 
Then    the    particles    of     iron    are    drawn    to    the    upper    belt   and    are 
borne  along  as  far  as  the  power  of  the  magnet  extends,  to  drop  through  a 
shoot  into  the  pile  of  concentrates.     All  the  non-magnetic  particles  are  carried 
by  the  lower  belt  past  the  roller  and  are  drawn  off  into  another  shoot  by  a 
fan  placed  at  its  mouth  for  that  purpose.     The  capacity  of  this  machine  is 
about  five  tons  per  hour.     The  second  machine,  which  the  writer  saw  in 
oneration  in  the  latter  part  of  June,  1889,  is  a  Swedish  invention,  known  as  The  Wenftrom 

»     '  magnetic  Mkna. 

the  Wenstrom.     The  right  to  use  it  in  the  United  States  was  acquired  during  '**or.  ^^  • 
the  previous  winter  by  Robert  A.  Cook  of  New  Brunswick,  N.  J.,  and  several 


use  of  the  powdered  ore  induces  a  considerable  saving  of  coal,  whilst  the  percentajsre  of  iron 
has  increased.    The  latter  amounts  to  66.    The  cost  of  the  concentration,  from  40  up  to  60 

Er  cent,  of  iron,  does  not  exceed  2s.  6d.  of  powdered  ore."    The  concentrates  produced  by 
lison's  mill  in  Pennsylvania  are  ground  to  10-mesh,  and  are  mixed  with  regular  large  ore 
in  the  proportion  of  one  part  to  four. 


What  the  Wen- 
■trom  machine 
can  and  cannot 
do. 


Thorough 
palverising 


«Com 


?omparatiTe 
maltM 


machines  were  imported.     The  essential  part  is  a  cylinder  wboae  rim  imadB 
up  of  alternate  bars  of  soft  Swedish  iron  and  wood  revolving  upon  a  fixed  axii 
and  magnetised  by  a  strong  electro-magnet  in  the  interior,  held  in  eooentrii 
place  by  the  axis.     When  in  motion  the  iron  bars  of  the  cylinder  beeome  t 
successive  series  of  positive  and  negative  magnets  as  they  approach  theiide 
on  which  the  magnet  is  fixed,  and  change  to  the  non-magnetio  state  with 
equal  regularity  as  they  revolve  to  the  opposite  side.     Any  ordinary  bceaker 
like  the  Cornish  rolls  may  be  used  to  crush  the  ore,  which  is  fed  throogh  t 
hopper   and   falls  upon  a  polished   brass  slide  the    lower   edge   of  whidi 
approaches  within  three-eighths  of  an  inch  of  the  cylinder.     There  the  iron  ii 
drawn  to  the  magnetised  bars  of  the  cylinder,  to  be  carried  around  and  droptoff 
at  that  point  in  the  circumference  where  the  bars  become  demagnetised,  wbik 
the  gangue  material  falls  from  the  brass  plate  unaffected  by  the  magnet  to  bi 
carried  off  to  the  dump  of  tailings.     Mr.  Cook  claims  that  the  machine  will 
separate    all    magnetic    substances     from     non-magnetic    when    they   ars 
crushed  so  as  to  be  broken  free  from  each  other.     ''  If  sulphur,  phosphorai^ 
or  titanium  are  non-magnetic  they  will  go  with  the  waste,  but  both  the 
sulphur  and  titanium  may  be  there  in  the  form  of  a  magnetic  mineral,  and  is 
that  case  they  would  stay  with  the  iron.''     It  was  also  noticed  that  when 
the  ore  was  not  broken  very  fine,  grains  of  apatite  to  which  particles  of  iron 
adhered  were  attracted  by  the  magnet  and  added  to  the  pile  of  concentnto. 
Thorough   pulverising   seems   to   be  necessary  in  treating  the  Port  Henij 
ores  by  this  process.     The  machine  has  a  capacity  of  six  tons  per  hoar,  tad 
the  New  York  selling  price  is  $1,800.     The  following  analyses  of  lesoltB  from 
both  machines,  each  working  on  crude  ores  containing  41.06  per  cent  iron 
and  .25  per  cent,  phosphorus  has  been  furnished  by  Mr.  F.  S.  Witherbee^rf 
Witherbees,  Sherman  «k  Co. : 


Material. 


GoncenrateB 


{ 


Iron 

Phosphorus 


Tailings....  I  p^'^^^p^^;;^- 


Wenotrom. 


Per  cent. 

61.00 
0.09 

25.00 
0.39 


MoDAIoh. 


Percent. 

64.00 
0.06 

12.00 
0.58 


A  second  test  with  crude  ore  containing  59. 1   per  cent,  iron  and  U^  P^ 
cent,  phosphorus  gave  the  following  results  with  the  same  machines : 


Material. 

Wenstrom. 

Monarch. 

r^          .     .      f  Iron 

Per  cent. 

61.08 
0.84 

14.3 
3.09 

Percent. 

64.06 
0.64 

10.06 
2.07 

CJonoentrate.  1  ph^pt„„„ 

m  .1.                 f  Iron 

• 

Mr.  Witherbee  states  that  neither  of  those  machines  Beema  able  to  ^ 
wet  ore,  and  that  no  magnetic  separation  can  be  regarded  as  a  meow  VBtu 
some  process  is  found  to  work  ores  from  damp  mines  or  in  damp  wsiA>'* 
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*  I  believe  the  only  way  magnetic  separation  can  be  tested/'  he  writes,  ''is  to 
^^ork  out  the  problem  for  each  individual  mine,  and  that  takes  time  and 
money.  Not  having  had  an  opportunity  to  work  the  machines  for  any  length 
of  time  we  hesitate  to  advise  which  is  best,  for  we  do  not  know  ourselves. 

But  we  have  made  up  our  minds  to  one  thins,  and  that  is  that  you  cannot  conditions  of 

.  economic  Bep»- 

afford  to  separate  any  ores  running  below  say  45  or  50  per  cent,  and  pay  the  ration, 
cost  of  mining  unless  you  have  to  mine  them  in  order  to  reach  ores  running 
above  60  per  cent."     In  this  opinion,  it  will  be  observed,   Mr.  Witherbee 
differs  from  Mr.  Edison,  who  has  had  the  experience  of  a  mill  running  several 
months  upon  the  low  grade  ore  of  a  Pennsylvania  mine.     As  regards  the 
smelting  properties  of  pulverised  ore,  it  is  the  testimony  of  Port  Henry  fur- 
nace men  that  iron  ground  to  the  fineness  of  sand  and  mixed  in  the  charge  * 
with  coarser  ore  in  equal  parts  does  not  affect  the  furnace,  but  smelts  freely. 
The  electrical  treatment  of  iron  ores  is  of  so  recent  origin,  and  the  means 
of  applying  it  are  already  so  varied,  that  many  improvements  in  mechanism  Poaibiiitiet  of 
may  be  looked  for  with  con6dence.*     The  results  obtained  from  several  of  ment 
the  machines  appear  to  have  demonstrated  to  practical  iron  men  that  in  the 
application  of  the  principle  of  magnetic  separation  a  most  valuable  gain  has 
been  made  to  our  knowledge  of  the  metallurgy  of  iron.     To  be  able  to  save 
the  iron  in  lean  and  clean  oreS)  which  usually  are  thrown  into  the  waste  heap, 
is  itself  a  great  attainment  in  the  economy  of  iron  production,  for  in  all  mines 
much  lean  ore  is  raised.     But  if,  in  addition,  the  smelting  properties  of  rich 
ores  containing  a  low  percentage  of  impurities  may  be  improved,  and  if  ores 
valueless  in  the  state  of  nature  by  reason  of  the  high  percentage  of  their 
impurities  may  be  made  valuable  by  the  process  of  magnetic  separation,  the 
utility  of  the  method  can  hardly  be  over-estimated. 

KCONOMIO     TBANSPOBTATION. 

The  iron  industry  as  now  carried  on  in  most  countries   demands   the 
employment  of  every  possible  means  for  cheapening  the  cost  of  production. 
To  move  the  ore  from  the  mine  to  the  furnace  or  the  nearest  point  of  shipment  Um  of  wir»-rop« 
is  often  expensive,  especially  in  a  rugged  and  broken  country,  or  in  the  back-  moving  ore. 
woods,  where  good  roads  cannot  be  built,  or  if  built  cannot  be  kept  through 
all  seasons  in  a  proper  state  for  the  traffic  over  them  ;  while  the  cost  of  con- 
structing a  railway  can  only  be  afforded  by  mines  of  large  production.     As  a 
means  of  transportation  for  sliort  distances  wire-rope  tramways  have  been  in 
use  for  some  time,  but  until  recently  in  America  these  have  consisted  of  a 
single,  moving,  endless  rope,  from  which  the  loads  are  suspended.     These 
lines,  while  very  efficient  for  certain  purposes,  are  not  available  for  general  singie-ropeiine*. 
use  as  a   means  of  transportation,  as  in  no  case  does  their  carrying  capacity 
exceed  300  lb.,  and  in  practice  it  is  much  less.     At  Oapelton,  Quebec,  one 
has  been  put  up  by  Cooper,   Hewitt  &  Oo.  of  New  York,   and   although 
designed  to  carry  300  lb.   this  burden  was  found  to  strain  the  rope  too  much 
and  had  to  be  reduced.     The  single-rope  line  has  been  almost  entirely  sup-  The  Bieiobert 
planted  in  Europe  by  theBleichert  double-rope  system,!  which  has  already  qntem. 


*It  is  underatood  that  Mr.  Edison  has  constructed  a  new  machine  which  is  in  several 
respects  a  yery  marked  improvement  upon  the  first  one. 

tit  is  constructed  under  what  is  known  as  the  Bleichert  patent,   and  consists  of  a 
stationary  rope  to  support  the  load  and  a  moving  one  to  carry  it. 
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establiMhed  itself  as  a  means  of  transportation  hardly  yet  dreamt  of  on  iL  £« 
side  of  the  Atlantic.     Railroad  companies  have  adopted  the  lines  of  tiii^ 
system  as  regular  feeders  to  their  main  roads,  and  laws  have  been  eiisct«jd 
regulating  their  construction  and  traffic  the  same  as  for  ordinary  railitwda 
Amongst  the  advantages  which  the  Bleichert  system  presents  over  any 
Advantages        of  the  single  line  systems  are  the  following  :    (I)  While  the  loads  ctrried 
presents.  by  single  lines  are  seldom  over   100  lb.  the  Bleichert  lines  are  adaptable  ta 

individual  loads  up  to  2,000  lb.  (2)  In  the  single -rope  systems,  where  the 
moving  rope  carries  the  load,  there  is  great  danger  in  rapid  movement  that 
the  rope  may  jump  out  of  the  carrying  sheaves,  which  are  made  very  shallov 
so  as  to  permit  passage  of  the  saddle  over  them.  In  the  Bleichert  system  the 
*  stationary  rope  has  no  tendency  to  get  out  of  place,  and   there  is  no  diffi- 

culty in  moving  the  cars  over  it  at  a  speed  of  four  or  five  miles  per  hour. 
(3)  With  single-rope  tramways  a  grade  of  1  in  4  is  about  the  limit,  as  ou 
steeper  grades  the  load  is  liable  to  slip  on  the  rope,  unless  a  clip  is  used  whicb 
fastens  the  bucket  ;  but  in  the  latter   case  the  buckets  must  be  loaded  and 
unloaded  while  in  motion,  since  they  cannot  be  stopped  without  stopping  th^ 
whole  line.     In  the  Bleichert  system  any  grade  up  to  1  in  1  is  overcome,  ancl- 
when  the  car  reaches  either  terminus  or  any  switch  on  the  line  it  can  b^^ 
automatically  disconnected  and  run  off  to  any  iK)int  required  for  loading  and 
discharging.     The  cars  may  be  run  down  into  a  mine,  loaded  at  the  face  of 
the  working  and  delivered  to  any  point  ou  the  line  without  handling  of  th? 
material.     (4)  The  carrying -rope,  being  stationary,  can  be  locally  graduated 
to  the  strain  it  bears  ;   but  of  course  the  one  for  empty  cars  does  not  require 
to  be  as  strong  as  the  rope  for  loaded  ones.     So,  also,  where  short  spans 
occur  it  is  not  necessary  that  the  rope  should   be  as  strong  as  the  sectiooft 
suspending  long  spans  ;  it  is  sufficient  to  strengthen  only  the  portions  exposed 
to  extra  strain.     In  this  way  great  economy  in  the  total  weight  of  the  ropes 
is  effected,  whereas  in  the  case  of  the  single-line  system  the  rope  must  be  of 
uniform  weight  and  strength  throughout.     The  ordinary  spans  used  in  the 
construction  of  the  Bleichert  tramways  are  150  to  200  feet,  but  they  may  be 
much  longer,  spanning  valleys  and  rivers  1,000  to  1,500  feet  across.     The 
Weilburg  tramway  in  Germany,  which  has  a  total  length  of  seven  miles  and 
a  daily  carrying  capacity  of  250  tons  iron  ore,  crosses  the  Weimbach  river 
with  a  span  of  1,000  feet  in  the  clear.     The  cost  of  operating  depends  on  the 
Cost  of  oporat-  q^^-^^^i^y  carried.     A  line  at  Lintorf,  Germany,  two-thirds  of  a  mile  in  length, 
i°^  *wa  carries  60  tons  per  day  at  a  cost  of  4J  cents  per  ton,  counting  labor,  interest 

on  capital,  wear  and  tear,  etc.,  and  by  increasing  the  capacity  to  100  tons  the 
cost  is  reduced  to  a  little  over  3|  cents  per  ton.  These  figures,  the  manager 
of  the  Lintorf  mines  and  smelting  works  says,  are  inclusive  not  only  of  actual 
transportation,  but  of  the  delivery  of  the  coal  and  ore  exactly  at  the  spota 
where  they  are  to  be  used,  so  that  no  further  handling  is  required.  A  line 
constructed  at  the  mines  of  the  Bi-Metallic  Mining  company  in  Montana, 
and  put  into  operation  on  May  8,  1889,  was  reported  upon  by  the  superin- 
tendent of  the  works  under  date  of  August  12  as  follows  :  '*  Since  starting 
we  have  transported  about  85  tons  of  ore  per  day  from  the  mine  at  Granite  to 
the  mill  at  Clark,  a  distance  9,750  feet,  and  have  also  carried  up  to  the  mine 
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^be  greater  portion  of  the  supplies  used  there,  running  tramway  about  six  unt§  in  ih% 
lionrs  per  day,  at  an  average  cost  of  22  cents  per  ton.     By  running  tramway  U'*^'^* s****«- 
£or  twelve  hours  per  day  to  its  full  capacity  we  could  carry  240  tons  with 
practically  the  same  force  as  is  now  employed,  thus  reducing  the  average  cost 
from  10  to  12  cents  per  ton.     When  the  line  is  carrying  its  load  it  develops 
fficient  power  to  run  a  9  by  15   Blake  crusher,  and  crushes  all  the  ore 
ised  at  the  mine."^     A  line  constructed  for  the  Granite  Mountain  Mining 
mpany  at  Kumsey,  Montana,  for  the  transport  of  the  silver  ore  has  a  length 
8,750  feet  and  a  carrying  capacity  of  300  tons  daily.     It  has  one  span  of 
^OO  feet  and  in  one  section  of  1,800  feet  it  has  a  fall  of  800  feet,  being  a 
Sr>~Ade  of  nearly  1  in  2.     One  erected  at  the  gold  mine  of  the  Noweli  company 
^ti  Juneau,  Alaska,  has  a  length  of  11,600  feet,  with  difference  in  level  between 
'fcoruiinals  of  2,135  feet  and  a  daily  carrying  capacity  of  200   tons.     But  the 
longest  line  in  operation  in  America  is  one  constructed  for  the  Split  Eock 
ble  Co.  of  Syracuse,  N.  Y.,  the  length  of  which  is   16,500  ft^et  and  the 
y  capacity  750  tons.     It  was  built  for  the  transportation  of  lime  rock, 
^d  at  the  discharge  terminal  the  loaded  cars  are  run  upon  a  suspended  rail 
er  a  series  of  kilns,  into  any  one  of  which  by  an  arrangement  of  switches 
may  be  unloaded  without  delay  and  immediately  started  upon  the  return 
Quarry  cable  hoists  are  also  constructed  on  the  same  plan,  one  of  which 
ill  operation  at  Kockland,  Maine ;  it  has  a  span  of  865  feet,  and  the  carry- 
capacity  is  6  tons  per  load.    There  seems  to  be  no  doubt  that  the  adoption 
tliia  system  of  transportation  would  greatly  simplify  and  cheapen  the  cost  of 
^^ining  operations  in  Ontario,  especially  in  such  districts  as  northern  Hastings, 
"^iburton  and  Sudbury,  where  high  rocky  ridges  and  intervening  valleys  are 
*  ^eittnre  of  the  country. 

ROLLING    MILLS,     BT8EL    WORKS     AND     MANUFACTUBBS. 

A  beginning  has  been  made  in  Ontario  in  the  manufacture  of  rolled  iron, 

**ii't  the  most  that  can  be  said  of  the  industry  here  is  that  it  is  still  in  its  ^^  induttrj  la 

**^^%ncy.     It  is  perhaps  too  much  to  expect  rolling  mills  to  flourish  until  we  ^^^^^^^j. 

^^Ve  Bucceeded  with  the  production  of  pig  iron,  and  the  same  remark  applies 

^    Bteel  works.     The  industry  liowever  is  of  first  class  importance,  and  if 

^^ti^bli8h«:d  and  conducted  under  skilful  direction  and  by  the  most  approved 

Systems,  using  pig  iron  produced  from  our  own  ores,  it  should  give  a  profit- 

^o]q  employment  to  labor  and  safe  investment  to  capital.     But  the  pi&nts  ^i^^^^^^^^ 

'^^^'nired  for  rolling  mills  and  steel  works  are  expensive,  the  best  modern  JJ^iiS5j„J°*' 

**^^thod8  require  to  be  adopted,  and   careful,    intelligent   management  is  a  ™*?J*2SJ°* 

^^oeasity.     The  cost  of  producing  rolled  iron  and   steel  has  been  greatly  less- 

^^ed  within  the  past  ten  years  by  the  substitution  of  mechanical  for  hand 

^^lK)r,  just  as  the  cost  of  converting  iron  into  steel  has  been  lessened  by  the 

^^Vention  of  Bessemer.     At  the  present  time  new  processes  are  being  tested 

^^  the  United  States,  and  the  hope  is  entertained  that  steel  may  be  made  New  proMw 

^^U^ct  from  the  ore  at  little  more  than  the  cost  of  pig  iron.     These  processes 

^«  being  watched  with  great  interest,  and  to  no  people  should  they  possess 

^ore  yalue  than  to  those  who  in  a  country  like  Canada  may  have  the  erection 


*Ijett6r  to  Cooper,  Hewitt  &.  Co.,  who  hold  the  American  agency  for  the  Bleichert  wire 
tnmwaj  tyetem.    Their  works  are  at  Trenton,  N.  J. 

23  (M. «.) 
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of  steel  works  in  contemplation.  It  is  not  by  the  adoption  of  ancient  and 
effete  luethods  that  an  industry  can  be  established  in  the  face  of  present  day 
competition,  but  by  the  employment  of  the  latest,  most  perfect  and  most 
economical  means,  having  regard  for  the  qualities  of  the  iron  to  be  te^eated 
and  the  market  to  be  supplied.* 

A  word  may  here  be  said  of  manufactures  of  iron  and  steel  goods,  and 
fteiakiT«  prioM    especially  of  their  value  to  a  country  in  the  employment  which  they  give  to 
#Dd  matiufiMJt-    skilled  labor.     In  some  lines  of  manufactures,  such  as  cast  metal   pipes  and 
^    "        railway  chairs,  the  share  of  labor  in  the  finished  article  is  relatively  small ; 
but  even  in  pipes  the  price  of  the  pig  iron  is  doubled.     Stove  grates  and  kitchen 
ranges  are  worth  from  three  to  five  times  the  price  of  the  iron,  while  a  loco- 
motive and  its  tender  are  worth  about  nine  times  and  vessel  machinery  aboat 
ten  times  that  of  the  raw  material  used  in  their  construction.     Oommon 
needles,  such  as  Britain  exports  to  China,  made  from  Bessemer  steel  wire 
which  costs  the  manufacturer  £60  per  ton,  sell  for  £260  per  ton,  while  the 
needles  for  home  use  sell  at  £5,600  per  ton.     The  wire  used  in  the  manufac^ 
ture  of  the  finest  fish-hooks  costs  £336  per  ton,  and  the  hooks  themselves  sell 
for  £14,000  to  £15,000  per  ton.     The  main  springs  of  watches  sell  for  about 
£6,000  per  ton,  while  the  retail  value  of  hair-springs  is  about  £400,000  per 
ton,  or  three  times  the  price  of  gold,  t 

SKBVIOB    OF    INVENTION    TO    THE    MBTALLUROT    OF    IBON. 

Any  report  on  the  iron  industry  would  be  very  imperfect  which  did  not 
attempt  to  show  how  much  it  owes  to  invention.  It  could  have  had  no 
existence  without  the  raw  materials  of  ore  and  fuel ;  it  could  have  had  no 
The  indottiT  be^nning  without  labor  ;  it  could  have  made  no  progress  without  the  support 
§ma  invention,  of  capital ;  but  without  the  aid  of  invention  the  industry  would  be  still  in 
puling  infancy.  In  every  step  and  stage  of  the  business,  from  raising  the 
ore  out  of  the  earth  to  the  finishing  touch  upon  the  manufactured  metal,  the 
ingenuity  of  man  is  found  overcoming  the  forces  of  nature,  lightening  labor, 
cheapening  production,  improving  the  qualities  of  the  material  itself,  finding 
out  new  uses  for  it  in  the  arts  and  axlapting  it  in  a  thousand  ways  to  the 
wants  of  an  advancing  civilisation.  Mining  of  any  kind  would  have  been 
difficult  and  costly,  and  deep  mining  would  have  been  all  but  impossible,  but 
for  the  service  of  the  air  compressors,  the  drills,  the  explosives  and  the  hoist- 
ing apparatus  now  employed  at  every  well-equipped  mine ;  while  means  of 
cheap  and  rapid  transit  of  ores  and  methods  of  treating  them  in  preparation 
for  the  smelting  furnace  have  made  properties  workable  and  valuable  which 
otherwise  might  have  remained  unused  and  idle  to  the  end  of  time.  It  would 
be  unfair  to  those  who  were  engaged  in  the  manufacture  of  iron  during  even 
the  first  half  of  the  present  century,  an  eminent  authority  on  the  subject  has 
recently  said,  to  deny  the  services  which  they  succeeded  in  rendering  to  their 
art  without  much  thought  being  given  to  those  laws  of  nature  upon  which 

*The  Henderson  procesa  is  described  in  the  Appendix  as  tested  at  Binningtuun, 
Alabama.  Another  process  of  direct  conversion  is  soon  to  be  tested  upon  magnetic  ote  from 
the  Bribtol  mine,  near  Ottawa,  at  Findlay,  Ohio,  where  extensive  works  have  bera  erected 
under  the  management  of  a  gentleman  trained  for  twenty  years  under  Sir  William  SieineBi. 
The  fuel  to  be  used  at  the  Findlay  works  is  natural  gas,  which  is  found  there  in  giert 
abundance. 

t  See  Sir  Lowthian  Bell  in  the  Reign  of  Queen  Victoria,  vol.  u,  pp.  2344k 
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their  processes  depended  ;  but,  on  the  other  hand,  it  is  not  to  be  denied  that 
cizice  the  iron  masters  have  allied  themselves  with  the  chemist  *'  they  have 
€iiade  more  progress  in  thirty  years  than  their  predecessors  did  in  three  cen- 
turies. "'*^  In  what  ways,  then,  has  the  prosperity  of  the  industry  been  served 
f>y  skill  and  invention  ?  and  is  any  other  agency  or  policy  likely  to  be  of 
«qual  or  greater  utility  1 

Nearly  a  hundred  years  ago  Mungo  Park  found  a  smelting  furnace  or 
'torgp  in  the  interior  of  Africa  built  of  clay,  about  ten  feet  high  and  three 
ieet  in  diameter,  in  which  iron  ore  was  smelted  with  charcoal  fuel.     The  charge 
'waa  built  up  with  alternate  layers  of  ore  and  coal,  fire  was  applie<]  through  £jj5***^* '"iT 
openings  at  the  base  of  the  stack  and  blown  with  bellows  made  of  goats'  skins,  ST"^?!^  n?"*^ 
mQcl  at  the  end  of  three  days  it  was  allowed  to  cool  off.     Part  of  the  furnace  ^°  ^"^^  ^ 

"  Africa. 


then  taken  down,  when  the  iron  was  found  in  the  form  of  a  large  irregu- 
lar mass,  with  pieces  of  charcoal  adhering  to  it.     *'  It  was  sonorous,"  Park 
mkym  in  his  account,  '*  and  when  any  portion  was  broken  off  the  fracture  exhib. 
ited  a  granulated  appearance  like  broken  steel.      The  owner  informed  me 
^i^tLt  many  parts  of  this  cake  were  useless,  but  still  there  was  good  iron 
^iiough  to  pay  him  for  his  trouble. "t     A  quarter  of  a  century  ago  Captain 
^rmnt  published  a  journal  of  his  walk  across  Africa  from  the  south-east  coast 
^  the  head  waters  of  the  Nile,  and  he  too  describes  a  forge  which  if  possible 
^^a  more  primitive  than  the  one  described  by  Mungo  Park.     It  was  found 
^  the  territory  of  the  Walinga,  who  are  spoken  of  by  way  of  distinction  as 
Workers  in  iron.     "  Their  furnaces  are  in  the  heart  of  the  forest ;  charcoal  and 
lamps  of  iron  cinder  (like  a  coarse  sponge  and  of  a  '  blue-bottle '  color)  usually 
lo^^k  the  spot,  and  four  lads  squatting  under  a  grass  roof,  with  a  double- 
H^^idled  bellows  each,  blow  at  a  live  mass  of  charcoal  which  has  the  nodules 
^^  metal  intermixed  with  it     In  this  calcining  nothing  else  seems  to  be  used, 
**^ci  the  metal  melts,  decending  into  a  recess  much  in  the  same  way  as  I  have 
■^^n  at  the  Cumberland  lead  works."  J     The  natives  of  Africa  have  made  no 
l**X)gress  in  the  metallurgy  of  iron  from  the  first  discovery  of  the  process  of 
"^clucing  the  ore  to  metal  f  but  the  means  they  employ  is  the  principle  of  the  -.    c*t-u 
^^talan  forge,  used  in  Europe  and  America  down  to  the  present  time  in  the  '<>'«•• 
('^Xxluction  of  blooms  or  malleable  iron,  and  consisting  e^entially  of  a  fur- 
i,  a  blowing  machine  and  a  heavy  hammer.§     It  is  the  direct  process,  and 


*  Sir  Lowthian  Bell  at  the  BritiHh  Association's  meeting,  1889. 

fThe  Life  and  Travels  of  Munfro  Park,  y>.  230-1,  Nimmo's  ed.     "  This  iron,  or  rather 

*Wel.  is  formed  into  various  instniments  by  beinjf  re^^eatedly  heated  in  a  forge,  the  heat  of 

^liicin  is  urged  by  a  pair  of  dcmble  bellows  of  a  very  Himple  construction,  being  made  of  two 

%«)mt'a  skins,  the  tube<i  of  which  unite  before  they  enter  the  forge  and  supply  a  conntant  and 

'^ery  regular  blast.     The  hammer,  forceps  and  anvil  are  all  very  simple,  and  the  workmanship 

^.Particularly  in  the  formation  of  knives  and  spears)  is  not  destitute  of  merit.     Tne  iron 

U<deed  ia  hard  and  brittle  and  requires  much  labor  before  it  can  be  made  to  answer  the  pur- 

Po^^-p.  231. 

tCapUin  James  A.  Grant's  Walk  across  Africa,  p.  130.     (Blackwood,  1864.) 

J  Dr.  Percy  in  )ji«»  valuable  work  on  the  Metallurgy  of  Iron  and  Steel  says:  "The 
ooa  appear  t'>  have  carried  on  the  direct  process  from  time  immemorial,  as  we  may  cer- 
ttifily  infer  from  the  lartre  accumulations  of  clay  which  occur  in  various  localities  in  Indi*  • 
and  mm  it  is  scarcely  pof  <«ible  to  imagine  anything  more  rude  than  their  appliances,  or  anything 
moro  diminutive  tnan  their  scale  of  operation,  it  would  seem  that  they  have  not  made  any 
•obatAntiai  progress  in  their  art,  at  lea^t  in  many  districts.  Their  furnaces  are  frequently 
not  larger  tnan  a  chimney-ijot,  and  hours  of  incessant  toil  are  required  to  produce  a  few 

rnrU  weight  of  iron  ;  and  yet  the  price  at  which  they  sell  the  metal  is  surprisingly  k>w.'* 
B54).     The  furnace  is  bijilt  and  the  blast  is  produced  much  the  same  in  Indut  as  in  Africa* 
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it  was  the  only  one  known  generally  to  Europeans  down  to  three  centuries 
ago.*     When  or  in  what  manner  the  indirect  process  was  discovered  no  one 
^emumiactnre  knows  definitely,  but  it  was  the  beginning  of  the  age  of  improvement  in  iron 
production.     In  the  German  Stuckofen  with  a  stack  of  10  to  16  feet  high, 
and  the  Blauofen  with  a  stack  sometimes  25  feet  high  (which  constituted  the 
difference  between  these  furnaces  and  the  Catalan),  cast  metal  would  no  doubt 
be  occasionally  formed  when  the  proportion  of  fuel  to  the  burden  of  ore  and 
flux  in  the  charge  was  increased.      On  the  other  hand  an  increase  in  the 
burden  would  produce  the  pasty  mass  like  that  yielded  by  the  Catalan  forge» 
out  of  which  malleable  iron  is  hammered.     "  With  such  dimensions  as  these 
there  would  be  no  difficulty  whatever,  by  proper  treatment  of  the  ores,  in 
combining  the  metal  with  sufficient  carbon  to  obtain  a  constant  supply  of 
cast  iron  ;  and  there  seems  no  doubt  that  by  means  of  the  Blauofen  this  was 
obtained  in  actual  practice.^t     The  theory  of  conversion  of  ore  into  oast  iron 
in  the  high  stack  is  thus  briefly  stated  by  Dr.  Percy  :  "  The  temperature  of 
the  furnace,  it  is  obvious,  must  increase  in  proportion  to  the  depth  from  the 
top,  and  the  reduced  iron  towards  the  lower  and  hottest  part  becomes  car- 
burised  and  converted  into  cast  iron,  which  trickles  down  in  a  molten  state 
to  the  bottom."  J     From  the  forge  of  two  or  three  feet  high,  producing  1,200 
or  1,500  lb.  of  wrought  iron  per  week  direct  from  the  ore,  to  the  blast  fur- 
nace of  15  or  25  feet  producing  12  to  15  tons  of  pig  iron,  there  was  a  great 
advance.     But  with  furnaces  70  to  85  feet  high,  producing  550  to  2,000  tons 
per  week,  and  converting  it  as  fast  as  made  into  steel,  the  advance  is  vastly 
greater  ;  and  it  is  the  result  for  the  most  part  of  improvements  made  within 
the  present  century. 

SmeUinff  ore  ^^  ^^®  sixteenth  century  the  large  quantity  of  charcoal  used  in  England 

jd^  ohareo*]  f^^  smelting  iron  ore  excited  alarm  on  account  of  the  destruction  of  forests, 
and  statutes  were  enacted  to  regulate  the  cutting  of  trees  for  this  purpose 
within  certain  districts.  In  the  reign  of  Elizabeth  several  acts  were  passed 
on  the  subject,  one  of  which  provided  that  no  new  iron  works  should  be 
erected  within  22  miles  of  London  nor  14  miles  of  the  Thames,  nor  in  several 
parts  of  Sussex  near  the  sea.  Another  prohibited  the  erection  of  any  new 
iron  works  in  Surrey,  Kent  and  Sussex,  and  ordered  that  no  timber  of  the 
size  of  one  foot  square  at  the  stub  should  be  used  as  fuel  at  any  such  works. 
The  time  had  now  arrived  for  means  being  taken  to  utilise  mineral  coal 
instead  of  charcoal ;  and  although  it  had  been  in  use  for  ordinary  purposes 


and  although  the  process  of  smelting  varies  in  different  dietriots,  the  variation  is  due  partlj 
to  local  custom  and  partly  to  the  fact  that  the  art  has  most  advanced  where  the  populatioii 
is  most  dense  and  civilised. 

*  The  date  of  the  discovery  of  the  process  for  making  oast  iron  is  unknown.  Percy 
quotes  a  statement  from  Lower,  the  antiquarian,  respecting  a  cast  iron  slab  in  Borwaah 
church,  Su^Hex,  which  would  lead  to  the  conclusion  that  cast  iron  was  made  in  England  fife 
hundred  years  ago ;  he  also  quotes  the  same  authority  to  show  that  the  first  cannons  of  cast 
iron  were  manufactured  in  Sussex  in  1543.  Sir  Lowthian  Bell  is  of  opinion  that  the  chang* 
in  process  has  probably  been  affected  within  the  last  three  centuries  (Iron  and  Stoel,  ^  U) ; 
while  Swank  says  cast  iron  guns  were  made  near  Erfurt  in  Thuringia  in  1$77,  that  in  tbd 
fifteenth  century  pots,  plates  and  balls  of  iron  were  cast  at  the  Ilsenber^  foundry  in  Ger- 
many, and  that  stoves  are  said  to  have  been  cast  for  the  first  tima  in  1490,  in  Alaaoe  (Uktoiy 
of  the  Manufacture  of  Iron  in  all  Ages,  p.  21). 

t  Sir  Lowthian  Bell's  Manufacture  of  Iron  and  Steel,  p.  11. 

X  Percy's  Metallurgy  of  Iron  and  Steel,  p.  349. 
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^ince  the  middle  of  the  ninth  century,  if  not  earlier,  it  had  never  heen  suc- 
cessfully employed  in  the  smelting  of  iron  ore.     Several  experiments  were 
made  in  the  rei^  of  James  the  First  hy  Sturtevant,  Rovenzon  and  others  ; 
but  all  had  failed,  with  the  one  exception  of  Dud  Dudley's.    He  has  the  credit  of  ^"^  Dudiey'i 
having  first  solved  the  problem,  and  although  his  process  is  not  known  it  can  withmin«»l 
hardly  be  doubted  that  the  fuel  was  prepared  by  converting  the  coal  into 
coke.     He  was  strongly  opposed  by  the  iron  masters,  because  he  sold  iron 
cheaper   than   they  could   aflford   to  sell  ib  ;*  the   product  of   his    furnaces 
(that  of  the  largest   being  only   seven  tons   of   pig  iron  per   week)   was 
complained  of  as  not  merchantable,  he  was  deprived  of  his  works  and  inven- 
tions, he  was  ruined  by  lawsuits  and  riots,  and  when  at  the  end  of  nearly 
forty  years  the  king  refused  to  renew  his  patent  he  gave  up  the  struggle ; 
but  the  knowledge  of  his  invention  died  with  him.     In  consequence  of  this  ^^  Britlih  iron 
failure  the  British  iron  trade  gradually  declined  until  about  the  middle  of  the  ijJhWMith*© 
eighteenth  century  it  was  not  equal  to  the  production  of  one  modem  blast  ^^^^' 
furnace,  t     The  iron  manufacturers  had  to  seek  for  supplies  elsewhere,  especi- 
ally from  Sweden  and  Russia,  and  although  heavy  duties  were  imposed  the 
quantity  brought  in  continued  to  increase,  j:     The  following  figures  of  imports 
are  given  for  periods  between  1711  and  1766  : 


oen- 


Tears. 


1711  to  1718, 
1729  to  1786. 
1750  to  1766. 
1761  to  1766. 


Tons. 


16,642 
25,501 
S4,072 
48,980 


It  was  during  this  critical  period  that  final  success  was  attained  with  mineral  SnooMs  attained 
coal  as  a  fuel  for  iron  furnaces.     About  1730  young  Abraham  Darby  entered  ooai  as  furnace 
upon  the  management  of  his  father's  iron  works  at  Ooalbrookdale,  and  as  the 
supply  of  charcoal  was  fast  failing  he  attempted  to  smelt  with  a  mixture  of 
coal  and  charcoal,  but  did  not  succeed.     Between  that  time  and  1735,  Percy 

**' Dudley  sold  his  piff  iron  at  £4  i>er  ton  and  his  bar  iron  at  £12  per  ton,  the  pricei  of  char- 
coal piK  iron  and  charcoal  bar  iron  being  at  that  time  £6  or  even  £7  per  ton,  and  from  £16  to 
£18  respectively."— Percy's  Metallurgy,  p.  885.  ,, 

t  "  In  1740  there  were  only  59  blast  furnaces  in  work  in  England  and  Wales,  the  total 
make  of  which  amounted  to  not  more  than  17,350  tons,  being  an  average  of  294  tons  per 
annum  for  each  furnace,  a  quantity  very  little  exceeding  that  sometimes  made  in  a  single 
week  in  some  of  the  furnaces  in  Wales  at  the  present  day."  (Ure's  Dictionary  of  Arts,  vol. 
ii,  p.  689).  Arnold  Toynbee  says  the  quantity  of  iron  imported  into  Great  Britain  at  that 
time  is  computed  at  20,000  tons.  "  In  1881  we  exported  3,820,315  tons  of  iron  and  steel, 
•valued  at  £27,590.908.  and  imported  to  the  value  of  £3,705,332."  (Industrial  Revolution  of 
the  18th  Century  in  England,  p.  49). 

X  In  1756  the  British  duty  on  imports  of  bar  iron  was  £2  8s.  6d.  sterling  per  ton  and  the 
Swedish  export  duties  were  £3  12s.  6d.    A  strong  memorial  was  presenteid  to  the  British 
Parliament  in  that  year  for  the  removal  of  the  duties  upon  imports  of  bar  iron  from  all 
oonntries,  the  same  as  had  been  done  in  1751  upon  bar  iron  imported  from  the  colonies  into 
the  port  of  London  and  upon  pig  iron  into  other  portn.     The  case  of  the  manufacturers  was 
baaed  on  the  three  following  propositions,  viz. :  (1)  That  it  is  the  interest  of  every  manufac- 
turing country  to  get  an  great  a  choice  and  variety  of  raw  materials,  and  upon  as  cheap  terms, 
as  can  possibly  be  procured.     (2)  That  unless  soitie  commodities  are  taken  from  other  coun- 
tries by  way  of  barter  in  the  course  of  trade  you  can  have  but  a  small  vent  for  your  own 
manufactures,  it  being  impos'tible  for  any  nation  to  make  all  their  payments  in  gold  and 
«ilver,  even  if  they  abounaed  with  the  richest  mines  of  those  metals.    (3)  That  cheapness  in 
regard  to  price  and  goodness  in  regard  to  quality  are  the  support  and  prop  of  all  manofae- 
^orea.    See  The  C<8e  in  the  Journal  of  the  Iron  and  Steel  Institute,  1887,  No.  2.  *- 
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^1  invention. 


Invention  of 

orlindrical 

Mlowi. 


TheeteMD 
engine. 


relates,  he  determined  to  treat  pit  coal  as  his  charcoal  burners  had  treated 
wood.  ''  He  built  a  iire-proof  hearth  in  the  open  air,  piled  upon  it  a  circalar 
mound  of  coal  and  covered  it  with  clay  and  cinders,  leaving  access  to  jott 
sufficient  air  to  maintain  slow  combustion.  Having  thus  made  a  good  stock 
of  coke,  he  proceeded  to  experiment  upon  it  as  a  substitute  for  charcoaL  He 
himself  watched  the  filling  of  his  furnace  during  six  days  and  nights,  having 
no  regular  sleep  and  taking  his  meals  at  the  furnace  top.  On  the  sixth 
evening,  after  many  disappointments,  the  experiment  succeeded  and  the  iron 
ran  out  well.  He  then  fell  asleep  in  the  bridge  house  at  the  top  of  his  old- 
fashioned  furnace  so  soundly  that  his  men  could  not  wake  him,  and  carried 
him  sleeping  to  his  house  a  quarter  of  a  mile  distant."*  From  that  time  hia 
success  was  rapid,  and  in  1756  one  of  his  furnaces,  which  produced  20  to  22 
tons  per  week,  was  declared  to  be  at  a  top  pinnacle  of  prosperity.  In  1888, 
about  a  century  and  a  half  from  the  time  of  Darby's  discovery,  the  424  fur- 
naces of  Great  Britain  in  blast  produced  7,998,969  gross  tons  of  pig  iron  from 
19,152,074  tons  of  ore,  with  16,131,267  tons  of  coal;t  and  Sir  Lowthian  Bell 
is  authority  for  the  statement  that  the  gas  from  the  furnace  now  conducted  to 
the  boilers  and  hot-air  stoves  effects  an  annual  saving  of  about  6,000,000  tons 
of  coal  on  the  pig  iron  product  of  that  country  alone.  | 

Abraham  Darby  increased  the  producing  capacity  of  his  furnaces  by 
adding  to  the  power  of  his  machinery  for  driving  the  largest  bellows  which 
had  then  been  made,  but  the  old  wooden  or  leather  bellows  soon*  gave  place 
to  the  cylindrical  cast  iron  bellows,  invented  by  John  Smeaton  and  set  up 
first  in  1760  at  the  Carron  iron  works  in  Scotland.  These  cylinders  were 
four  and  a-half  feet  in  diameter,  exactly  fitted  with  a  piston  which  moved 
up  and  down  by  means  of  a  water-wheel  ;  the  air  was  admitted  through  a 
valve  in  the  bottom  when  the  piston  rose,  and  when  it  fell  the  air  was 
forced  through  a  pipe  into  the  furnace.  Four  of  these  cylinders  were  applied 
to  blow  the  furnace,  and  the  strokes  of  the  piston  being  alternate  an  nnin- 
terrupted  blast  was  produced.  The  furnace  that  produced  ten  or  twelve  tons 
weekly  with  the  old  bellows  acquired  a  capacity  with  the  improved  bellows 
of  forty  tons  ;  and  such  was  the  impulse  given  to  the  trade  by  the  new  blast 
upon  pit  coal  that  in  1788  the  pig  iron  product  of  England,  Wales  and  Soot- 
land  was  68,300  tons,  or  50,950  tons  more  than  the  product  previous  to  the 
use  of  pit  coal. 

The  invention  of  the  steam  engine  by  James  Watt  was  also  applied  in 
the  iron  industry,  in  working  mines  and  driving  furnace  machinery,  and  it  no 


*  Percy's  Metallurgy  of  Iron  and  Steel,  p.  888. 

t  Journal  of  the  Iron  and  Steel  Institute,  1889,  No.  2,  p.  486. 

X  The  Reigrn  of  Queen  Victoria,  vol.  ii,  p.  214. 

"  In  the  middle  of  the  eighteenth  centurv  a  process  for  smelting  iron  with  coal  tamed 
out  to  be  effective ;  and  the  whole  aspect  of  the  iron  trade  was  at  once  revolutionised.  In 
fifty  years  the  annual  production  of  iron  in  Great  Britain  rose  from  under  twenty  tbonmid 
to  more  than  one  hundred  and  seventy  thousand  tons.  Durinsr  the  fifty  jrears  that  foUowed 
it  rose  to  six  millions  of  tons.  Iron  was  to  become  the  working  materiiJ  of  the  m«ideni 
world  ;  and  it  is  its  production  of  iron  which  more  than  all  else  has  placed  England  at  the 


of  the  steam  engine  to  blast  furnaces.  In  the  eight  vears  which  followed  this  latter  date  the 
amoont  of  iron  manufactured  nearly  doubled  itself."  (Toynbee's  Indufbial  RendntioB* 
p.  91). 
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longer  became  necessary  to  erect  a  furnace  bj  the  side  of  water-power.  The 
proprietors  of  furnaces  were  enabled  to  largely  increase  their  make,  and  fresh 
capital  was  embarked  in  the  trade.  Yet  with  such  aids  as  pit  coal,  iron 
cylinders  and  the  steam  engine  there  were  only  85  furnaces  in  blast  in  Eng- 
land, Wedes  and  Scotland  in  1788,  producing  scarcely  15^  tons  each  per  week. 
In  the  meantime  other  valuable  improvements  were  being  made  in  iron 
production — in  the  working  of  malleable  iron  and  transforming  cast  or  pig  The  pvddiiar 
iron  into  wrought  iron.  In  1766  Thomas  and  George  Cranage  of  Ooalbrook- 
dale  procured  a  patent  for  the  puddling  of  iron*"^,  which  is  described  in  the 
specification  as  follows  :  "The  pig  iron  is  put  into  a  reverberatory  furnace > 
built  of  proper  construction,  and  without  the  addition  of  anything  more  than 
common  raw  pit  coal  is  converted  into  good  malleable  iron,  and  being  taken 
red-hot  from  the  reverberatory  furnace  to  the  forge  hammer  is  drawn  into 
bars  of  various  shapes  and  sizes,  according  to  the  will  of  the  workman." 
Another  patent  for  puddling  was  taken  out  in  1783  by  Peter  Onions  ;  but 
the  inventor  who  made  the  process  successful  in  general  practice  was  unques- 
tionably Henry  Cort,  who  took  out  a  patent  in  1784.  The  whole  process  is 
described  by  Percy,  who  also  records  how  Cort  was  wronged  and  ruined  by  S'^JJ*** 
the  action  of  the  government  in  consequence  of  a  business  arrangement 
entered  into  by  him  with  one  of  its  own  officers.  "He  died  in  poverty," 
Percy  says,  ^'though  he  laid  the  foundation  of  the  riches  of  many  an  iron 
master,  and  has  largely  contributed  to  the  development  of  the  resources  and 
wealth  of  Great  Britain."!  Oi  the  nature  and  value  of  Henry  Cort's  inven- 
tion Sir  Lowthian  Bell  says  :  "  Oast  iron,  however  valuable  for  being  run  into 
moulds,  is  useless  where  great  strength  and  malleability  are  required.  To 
obtain  a  material  having  these  properties  it  is  necessary  to  expel  those  substances 
which  have  entered  into  combination  with  the  metal  during  the  smelting  of  the 
ore.  At  first  this  separation  was  carried  out  in  a  Lancashire  fire,  as  it  is  called, 
similar  in  dimensions  and  form  to  that  used  for  obtaining  malleable  iron 
direct  from  the  ore.  In  it  the  pig  iron  was  melted  with  charcoal  or  coke,  the 
combustion  being  maintained  by  a  current  of  compressed  air.  After  fusion 
the  blast  was  continued,  when,  by  its  penetrating  the  molten  iron,  the  carbon 
and  most  of  the  silicon  and  phosphorus  were  expelled,  and  the  result  was  a 
spongy  mass  of  wrought  iron.  The  process  is  an  expensive  one  in  fuel,  labor 
and  waste  of  metal,  but  the  product  obtained  was  one  of  such  quality  that 
it  continues  to  be  the  method  employed  for  making  the  highly  esteemed  bars 
imported  into  this  country  from  Russia  and  Sweden.  Such  was  the  method 
of  obtaining  wrought  iron  when  Henry  Cort,  a  native  of  England,  invented 
the  puddling  furnace.  In  it  the  pig  iron  is  melted,  after  which  the  workman 
stirs  up  the  liquid  metal  to  expose  it  to  the  action  of  the  fire  and  of  the  oxide 
of  iron  which  is  always  present.  As  the  carbon,  etc.,  are  removed  the 
malleable  iron  appears  in  the  form  of  granules,  which  the  puddler  collects 
by  means  of  his  tools  into  four  or  five  separate  pieces  known  as  puddled  balls. 

*Paddling  is  described  by  Percy  as  a  process  which  consists  essentially  in  stirrinff  aboui 
pig  iron  molten  on  the  bed  of  a  reverberatory  furnace,  heated  by  flame  until  it  becomes  con- 
verted  into  malleable  iron  through  the  decarburiainic  action  of  the  oxygen  of  the  air 
oirculating  through  such  a  furnace. — Metallurgy  of  Iron  and  Steel,  p.  627. 

fMetallurgy  of  Iron  and  Steel,  p.  629. 
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Each  of  these  weighs  about  one  hudredweight,  and  after  being  placed  ander 
a  steam  hatnraer  it  is  rolled  into  a  rough  bar  of  different  dimensions  aooord- 
iDg  to  the  purpose  for  which  it  is  intended.  Six  charges,  or  thereaboutSi 
constitute  a  day's  work  for  two  men,  and  the  weight  obtained  is  about  25  cwt., 
produced  by  the  combustion  of  about  the  same  quantity  of  coal.  The  pud- 
dling furnace,  afterwards  somewhat  modified  by  S.  B.  Rodgera,  continued 
from  the  latter  part  of  the  last  to  the  middle  of  the  present  centary  to  be 
the  instrument  by  which  practically  all  the  malleable  iron  in  the  world 


«ro<»T«i  rofiA  eventually  made:"**^  In  1783  Oort  had  obtained  a  patent  for  grooved  rolls, 
q44Im1  biUU  now  called  puddle  rolls,  by  which  the  iron  taken  from  the  puddling  furnace 
was  drawn  into  bars  of  any  shape,  instead  of  being  beaten  oat  under  the 
hammer.  By  this  means  the  cost  of  labor  in  finishing  iron  was  very  greatly 
reduced,  and  it  became  possible  to  apply  iron  to  purposes  not  thought  of 
lief  ore  Cort's  time. 

TheHe  improvements  were  followed  by  marked  economy  in  the  smelting  of 
mmui^  ai         ^^'  ^^^  ^^^  extended  use  of  cast  and  wrought  iron  was  accompanied  by  redac- 
U^'iiMM         tions  in  price.    Within  seven  years  of  the  introduction  of  puddling  50,000  tons 
of  pig  iron  were  annually  converted  into  wrought  or  malleable  iron  in  Great 
Britain  by  means  of  Oort's  process.f     The  annual  production  was  increased 
from  68,000  tons  of    pig  iron  in  1788  to  700,000  tons  in  1828,  being  an 
increase  from  15}  to  35  tons  per  week  for  each  furnace  in  blast.     liuring  the 
greater  part  of  this  period  the  industry  was  most  generously  protected  by 
the  customs'  tariff  of  the  country.     Under  Mr.  Pitt's  tariff  of  1787  the  datj 
on  manufactured  bar  iron  was  £2  16s.  2d.  per  ton,  and  in  1819   it  was 
X6  10s.;   but  by  Huskisson's  tariff  in  1825  it  was  reduced  to  XI  lOs.     The 
giutuM'  doUet  iron  masters  were  strongly  opposed   to  this  change,  and  made  a  vigorous 
^  protest  against  it.     But  Mr.  Huskisson  did  not  think  it  fitting  that  with  an 

article  like  iron,  in  universal  use  in  all  manufactures,  the  people  should  saflbr 
from  scarcity,  and  he  wondered  that  they  should  have  submitted  to  have 
every  article  in  which  it  is  used  greatly  increased  in  price,  as  well  as  defiari- 
orated  perhaps  in  quality,  in  order  to  favor  the  British  iron  matters.^ 
There  was  the  less  reason  for  the  protest  of  the  iron  masters  seeing  that  in 
no  other  country  had  the  improvements  and  appliances  introduced  in  Oreat 
Britain  been  employed  to  anything  like  the  same  extent  in  the  manufaetore 
of  iron. 

Until  1828  all  iron  furnaces  were  worked  with  the  cold  blast,  and  it 
was  a  conviction  of  iron  masters  that  the  colder  the  blast  the  better.     But  in 

•The  Reig^  of  Queen  Victoria,  vol.  ii,  pp.  216-17. 

tRef erring  to  the  results  of  Gort'ti  inventions  Prof.  Leone  Levi  says  when  it  beomM 
known  that  c(»als  could  be  used  instead  of  dear  charcoal,  and  that  the  slow  operation  of  tiM 
hammer  could  be  altogether  ftufierrfeded  so  as  to  enable  workers  to  produce  a  much  tfrealer 
cjuantity,  and  of  a  far  su|>erior  quality,  a  new  and  unexpected  impulse  was  given  to  the  iron 
industiy,  with  reHulti  far  exceeding  any  antic patiomt.  '*  In  South  Staffordshire  in  170 
there  wa«  not  a  single  furnace  making  charcoal  iron,  and  only  nine  where  pit  coal  was  ossd, 
producing  fifteen  tons  each  per  we«^k  ;  while  in  all  other  parts  of  England  thtfe  wait 
twenty  four  charcoal  furnaces  and  forty-four  pit  coal  furnaces.  In  very  few  years  theit 
multiplinl  enormously,  production  increased  apace,  and  an  immense  industry  spFang  op  ai 
if  by  magic  in  hardware  and  locks,  japanned  goods  and  ironmongery.** — History  of  Brttiik 
Commerce,  2nd  edition,  p.  10. 

tLevi's  History  of  British  Commerce,  p.  168. 
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the  year  named  James   B.   Neilson,   manager  of    the   Glasgow    gas  works, 
obtained  a  patent  for  the  improved  application  of  air  "to  produce  heat  in  ^«  ^^  ^i**^ 
£re8,  furnaces  and  forges    where  bellows  or   other  blowing  apparatus    are 
required."     The  blast  was  to  be  produced  in,  the  ordinary  way,  but  was  to 
pass  into  an  air  vessel  sufficiently  strong  to  endure  it,  and  thence  by  a  tube 
or  pipe  into  the  fire,  forge  or  furnace.     ''The  air  vessel  or  receptacle  must  be 
air-tight,  or  nearly  so,  except  the  aperture  for  the  admission  and  emission  of 
the  air  ;  and  at  the  commencement  and  during  the  continuance  of  the  blast  it 
must  be  kept  artificially  heated  to  a  considerable  temperature.     It  is  better 
that  the  temperature  be  kept  to  a  red  heat,  or  nearly  so  ;  but  so  high  a  tem- 
perature is  not  absolutely  necessary  to  produce  a  beneficial  effect."^     The 
advantages  of  this  invention  with  respect'  to  the  economy  of  fuel  were  soon 
recognised,  and  in  1835  it  was  in  use  in  almost  every  furnace  in  Scotland  ; 
but,  like  Dudley,  Cort  and  others,  Neilson  was  driven  to  defend  his  rights  in  Nen§on*§  right 
the  courts.     In  1832  a  license  to  use  his  invention  was  granted  to  the  Messrs.  oontested. 
Baird,  proprietors  of  the  Garthsherry  iron- works,  in  consideration  ot  a  royalty 
of  one  shilling  per  ton  of  the  iron  manufactured  by  them.     Subsequently 
payment   of  this  duty  was  withheld  on   various  pleas,  especially  because 
of  insufficient  description  and  want  of  novelty,  but  also  because  the  cold  blast 
was  more  economical,  although  the  defendants  admitted  that  in  ten  years 
they  had  made  a  net  profit  of  £260,000  on  hot  blast  iron,  and  that  in  one 
year  their  profit  was  £54,000.     The  trial  took  place  at  Edinburgh  in  1843, 
and  Neilson's  claim  was  fully  established.     The  results  obtained  were  from  ^^  pracUeai 
the  outset  eminently  satisfactory,  the  same  amount  of  fuel  reducing  three 
times  as  much  iron,  and  the  same  amount  of  blast  doing  twice  as  much  work 
as  previously.     The  value  of  the  invention  thus  disputed  is  now  universally 
admitted,  and   the  employment  of  the  hot  blast  has  been  proved  not  only 
to  be  attended  with  a  great  economy  of  fuel,  but  to  increase  the  productive 
power  of  the  furnace  also.f     In  1828  the  total  make  of  pig  iron  in  Scotland 
was  not  more  than  30,000  tons,  in  1839  it  had  increased  to  200,000  tons, 
and  in  1860  it  had  nearly  touched  1,000,000  tons  ;  but  this  increase  was  also 
due  in  part  to  the  working  of  the  rich  Black-band  ore  near  Glasgow.     Taking 
account  of  other  improvements  effected  in  the  process  of  reducing  iron  ore, 
such  as  use  of  the  escaping  gases  of  the  furnace  for  making  steam  and  hot 
air  and  increase  in  the  height  of  the  shaft  and  in  the  temperature  of  the  Eoonomie 
blast,  Sir  Lowthian  Bell  makes  the  following  comparisons  :  In  1835  furnaces 
40  to  50  feet  high  and  5,000  cubic  feet  capacity,  using  cold  blast,  made  70 
tons  of  iron  weekly  with  120  cwt.of  raw  coal  per  ton  ;  in  1845,  furnaces  of 
the  same  height  and  capacity,  with  blast  at  650°  F.,  made  120  tons  per  week 
with  85  cwt.  of  coal  per  ton ;  in  1855  similar  furnaces,  with  blast  at  800°  F. 
and  using  the  escaping  gas  for  steam  and  hot  air,  made  220  tons  weekly  with 
62  cwt  of  coal  per  ton  ;  and  in  1865  furnaces  80  feet   high  and  capacity  • 

of  20,000  cubic  feet,  with  blast  at  1,000°  F.,  made  550  tons  of  iron  per  week 


^Specification  of  the  patent,  recorded  March  3,  1828. 

fPercy's  Metallurgy  of  Iron  and  Steel,  pp.  894-8,  and  Phillips'  Elements  of  Metallurgy, 
p.  217. 
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with  40  cwt.  of  raw  coal  per  ton.*"^  The  increase  in  the  capacity  of  funuees 
and  in  the  temperature  of  the  blast  was  introduced  by  the  smelterB  of 
Middlpsbrough,  England,  in  I863.t 

The  next  and  greatest  invention  in  the  history  of  the  iron  indnstiy  ia  Sir 
fftost©e"f  ^'^^  Henry  Bessemer's  process  for  converting  iron  into  steel.  Under  the  dil 
""  — ^  process  iion  was  converted  into  steel  by  being  put  into  a  large  orndble  or 

earthen  pot,  together  with  pulverised  charcoal,  and  there  heated  for  acoll8i(le^ 
able  time  by  an  external  fire,  the  mouth  of  the  crucible  being  closely  stopt. 
This  was  the  practice  in  England  in  1750,  when  about  4,000  toni  of 
Swedish  iron  were  consumed  for  the  purpose  annually.  The  principles  of  t^ 
methods  however  depend  on  the  quality  of  the  iron  to  be  converted,  and 
are  described  by  Dr.  Percy  as  consisting  of  the  addition  of  carbon  to  mill^ 
able  iron,  the  parcial  decarbonisation  of  cast  iron,  and  the  addition  rf 
malleable  iron^to  cast  iron.  Huntsman's  process  of  making  cast  steel,  Jesnt 
says  in  his  History  of  Steel,  was  |>erfected  after  a  long  series  of  experiments, 
commenced  about  1740,  and  his  was  almost  the  only  process  followed  on  a 
large  scale  until  overshadowed  by  the  still  more  notable  process  of  Bessemer. 
He  took  ste[is  to  bring  its  qualities  under  the  notice  of  the  Sheffield  cation, 
but  tliey  *'  [terversely  declined  to  work  with  a  metal  so  much  harder  ud 
denser  than  any  to  which  they  had  been  accustomed. "^  He  found  a  ready 
market  for  it  liowever  at  Toledo  in  Spain,  in  France  and  over  Europe. 
The  invention  was  not  patented,  and  the  Sheffield  cutlers  sought  to  fiudoat 
the  method  ;  lluntbman  swore  his  workers  to  secrecy  and  carried  on  hi* 
manufacture  only  at  ni^ht.  In  this  he  was  successful  for  a  time  at  leait^ta^ 
there  is  a  tradition  that  the  secret  was  at  last  stolen  by  a  rival  steel  makerj 

*Bell'8  Manufacture  of  Iron  and  Steel,  p.  24. 

-•  *'  I'y  the  increii>>e  in  the  temperature  of  the  air,  by  utilisinfc  the  waste  gaaes  udtT 
increaf^ing  the  8ize  of  the  furnace  the  produce  was  raised  from  200  to  600  or  600  toM  P^ 
week,  and  the  cotibuinption  of  coal,  all  included,  was  reduced  from  three  and  three^nii^ 
to  two  toMH.  uf  coal  ))er  ton  of  iron.  More  recei«tly  the  air  has  in  some  cases  boen  hflstfld  B 
HtoveH  of  tire-biick  tj  1,200^  or  1,500^,  but  the  economy  of  fuel  by  this  additional  temp«a^ 
has  been  siuall  c(  uipured  with  that  effected  by  Nt-ilson,  and  after  him  by  the  BiiddlMfaM^P 
iron  mubterH.  C)u  ihe  other  hand  the  weekly  produce  has  been  improved  to  the  extent  <■ 
50  to  100  ions  per  wet- k  by  the  200*=  to  SOO*'  in  the  heat  of  the  blast.  Where  very  rich  op 
are  treated,  &»  in  the  United  Statei<,  as  much  a«  60,000  tons  a  year,  or  even  more  than  th* 
quantity,  has  been  run  from  one  furnace,  parti>f  which  extraordinary  make  is  no  doubt  dM^ 
tlie  u8e  (»f  this  more  highly  heated  air.    The  idea  of  utilising  the  combustible  gas  which  metf^ 


tCuriounly  enough,  Sir  Henry  Bessemer  has  had  the  same  experience  of  Sheffidd,  tm 
with  the  object  of  intniducing  hin  steel  he  et^tablinhed  small  works  there.  Speaking  caiv* 
subjt'Ct  at  the  May  meeting  ot  the  Iron  and  Steel  Institute  in  18S9  he  said :  '^He  was  loRi*| 
to  do  thai  frt)m  tlie  fact  that  Hteel-niakers  by  the  old  plan  had  no  belief  whatever  in  tbe 
poHBibility  of  making  pig  iron  into  bteel  in  twenty  minutes  ;  and  as  he  could  not  enforofl^ 
fact  upon  them  it  was  nei-essary  that  he  should  compete  with  them  in  their  own  mark^ 
and  that  w&a  the  reason  he  etttjiblic»hed  himself  in  Sheffield,  wishing  all  the  time  that^ 
Sheffield  manufucturerH  C(»uld  see  things  in  the  same  light  that  he  did  ;  bat  thfl|y  did  »^ 
For  some  c«tnsuierable  time  hi^  little  works  were  going  on,  and  it  was  not  until  they  lo***^ 
the  price  of  ulnnMt  every  article  that  they  were  producing  some  £10  or  £20  below  the  J* 
prices  of  Sheffield  that  Sheffield  manufacturers  began  senously  to  think  that«  after  all,  ^'^ 
was  some  Jiitle  merit  in  ^^hat  Bessemer  was  saying. "—Journal  of  the  Iron  sod  Sw» 
Institute,  No.  1,  1661),  p.  40. 

§*Thi8  person,  it  is  reported,  presented  himself  in  the  garb  of  a  beggar  at  the entialjB* 
to  th*' Atteicliffe  worlcH,  under  conditions  most  calculatei  to  excite  the  sympathy  ^  y^ 
workmen  ;  it  whs  during  a  dark  winters  night,  when  the  snow  wa9  fallinp^  last,  that  v|i 
moHU  an  1  skulking  vagabond  prayed  for  shelter  and  warmth  in  the  casting  bonie,  *y 
prayer  was  g^unt^a, -who  could  have  refused  it? — and  at  length  the  prian  was  seoB*"* 
Thirt  may  be  a  myihical  story,  or  it  niay  be  absolutely  true  ;  many  a  time  the 
artitiue  has  been  resorted  to."— Percy's  Metallurgy  of  Iron  and  Steel,  p.  829. 
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Various  modifications  of  Huntsman's  invention  were  introduced  from  time 
to  time,  the  most  important  of  which  appears  to  have  consisted  in  the  HJlJ^mM-s 
addition  of  manganese  or  carburet  of  manganese  to  the  charge  of  blister  inventioD. 
steel  in  the  crucibles.  This  was  the  invention  of  Josiah  Marshall  Heath,  for 
which  he  obtained  a  patent  in  1839,  and  by  his  process  manufacturers  were  ^••***''  pwjcass. 
enabled  to  make  a  malleable  cast  steel  from  low-priced  British  bar  iron, 
instead  of  using  as  previously  for  the  purpose  the  high-priced  bar  iron 
imported  from  Sweden  and  Russia.  Soon  afterwards  Heath  found  that  a 
mixture  of  oxide  of  manganese  and  carbonaceous  matter  could  be  substituted 
for  the  so-called  carburet  of  manganese,  and  he  granted  licenses  to  certain 
Bteel-makers  in  Sheffield  and  undertook  to  supply  them  with  manganese  in 
a  suitable  state  for  application.  Instead  however  of  furnishing  the  substance 
described  in  the  specification  of  the  patent,  he  furnished  the  new  unpatented  , 
mixtura  "A  person  of  the  name  of  Unwin,"  Percy  relates,  "was  employed 
by  Heath  as  an  agent  for  conducting  the  commercial  part  of  the  business,  ^SKPSlJl*^ 
and  very  soon  this  person  started  as  cast-steel  maker  on  his  own  account, 
using  the  mixture  of  manganese  instead  of  the  carburet  and  denying  that 
he  had  thereby  infringed  Heath's  patent.  Several  steel-makers  at  Sheffield 
combined  with  Unwin,  and  provided  a  common  fund  wherewith  to  contest 
Heath's  claim  to  the  application  of  the  mixture.  Costly  and  protracted  liti- 
gation was  the  result,  and  the  opponents  of  Heath  finally  triumphed  over 
Heath's  widow  in  an  appeal  to  the  house  of  lords."*  It  is  Percy's  opinion, 
after  reading  all  the  evidence  in  the  case,  that  if  any  man  ever  deserved  a 
patent  Heath  was  that  man;  and  although  his  process  effected  a  saving  of  forty 
to  fifty  per  cent,  on  the  cost  of  steel  to  the  manufacturers,  conferring  com- 
mercial profits  to  be  reckoned  by  millions,  the  steel-makers  of  Sheffield  used 
the  money  which  his  process  had  enabled  them  to  earn  in  carrying  on  a  fifteen 
years'  litigation  against  him  on  a  technical  plea  (the  process  adopted  being 
chemically  equivalent  to  the  one  described  in  the  patent),  and  finally  secured 
a  verdict  in  the  house  of  lords,  although  of  the  eleven  judges  who  delivered 
their  opinion  to  that  house  seven  were  in  favor  of  the  claim  of  Mr.  Heath,  f 
But  Bessemer's  invention  has  overshadowed  all  others.  His  process  was 
first  publicly  announced  in  a  paper  read  before  the  British  Association  in  1856,  Beamer's 
under  the  title  of  'The  Manufacture  of  Iron  and  Steel  without  Fuel.'l  It 
was  heard  without  a  word  of  comment,  and  was  published  in  the  proceed- 
ings by  title  only.  There  were  not  wanting  men  of  experience  and  scientific 
attainments,  Jeans  says,  who  ridiculed  and  denied  the  possibility  of  produc- 
ing iron  and  steel  without  fuel ;  and  others  again,  wise  after  the  event, 
suddenly  diucovered  that  Bessemer's  was  quite  an  ancient  process,  and  had 
been  before  the  world  and  proved  to  be  valueless  during  many  years.     "The 


^Metallurgy  of  Iron  and  Steel,  p.  841. 

fDavid  Mniihet  calculates  that  Heath's  invention  for  making  steel  caused  an  immediate 
reduction  of  £30  to  £40  in  the  price  of  good  steel,  and  resulted  in  an  aggregate  saving  of  not 
less  than  £2,000,000  from  1839  to  1855,  besides  rendering  England  comparatively  independent 
of  Swedif^h  aud  Russian  iron,  previously  imported  in  large  quantities.— Jean's  History  of 
Steel,  p.  30. 

t**Anvthing  more  erroneous  than  its  title  cannot  well  be  conceived.  The  pig  iron  to  be 
oonverted  is  both  smelted  with  fuel  and  again  melted  with  fuel  before  it  is  treated  by  Mr. 
BeiMemer.*'— Percy's  Metallurgy  of  Iron  and  Steel,  p.  815. 
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savants  of  the  British  Association  were  so  dumbfounded  by  Bessemei^s  icon^ 
oclastic  ideas  that  thej  did  not  attempt  to  disscuss  his  paper/'      The  Bnf^ 
patent  was  taken  out  October  17,  1855,  and  the  invention  was  described  i^ 
consisting  of  forcing  currents  of  air  or  steam,  or    both,   into  and  amoi^j 
particles  of  molten  iron.     Steam,  it  was  stated,  cools  the  metal,  but  i^x: 
causes  a  rapid  increase  in  its  temperature,  and  it  passes  from  a  red  to  vtn 
intense  white  heat.     Another  patent  was  qjbtained  in  December  of  the  saoie 
year,  and  a  third  on  February  12th,  1856.     Molten  crude  iron,  or  remelted 
pig  or  finery  iron,  the  third  patent  claimed,  is  converted  into  steel  or  malle- 
able iron  *'  without  the  use  of  fuel  for  reheating  or  continuing  to  heat  tiie 
crude  molten  metal,  such  conversion  being  effected  by  forcing  into  and  among 
the  particles  of  a  mass    of  molten   iron  currents  of  air  or  gaseous  matter 
containing  or  capable  of  evolving  sufficient  oxygen  to  keep  up  the  combni- 
tion  of  the  carbon  contained  in  the  iron  till  the  conversion  is  accompliBhed." 
It  is  under  this  specification,  with  the  non-use  of  steam  and  other  modifiet- 
tions  introduced  since,  that  the  process  is  carried  on  at  the  present  tim& 
**  The  main  point  of  my  invention,"  Mr.    Bessemer  has  elsewhere  said,  *^ 
the  forcing  of  atmospheric  air  upwards  through  fluid  iron."     The  hett  i> 
obtained   by  the  combustion  of  the  carbon  and  silicon  which  had  united     | 
themselves  with  the  iron  in  the  blast  furnace,  and  the  temperature  rises  tot 
pitch  which  maintains  even  malleable  iron  in  a  liquid  state.f     In  descriluDg 
the  process  as  carried   on  in  a  test  experiment  towards    the  end  of  1856 
Percy  confesses  that  he  never  witnessed  any  metallurgical  process  more  itart* 
ling  or  impressive.     **  After  the  blast  was  turned  on  all  proceeded  quietijfof 
a  time,  when  a  volcano-like  eruption  of  flame  and  sparks  suddenly  occiimd, 
and  bright  red  hot  scoria;  or  cinders  were  forcibly  ejected,  which  would  hi^ 
inflicted  serious  injury  on  any  unhappy  bystanders  whom  they  might  pef- 
chance  have  struck.     After  a  few  minutes  all  was  again  tranquil,  and  tbe 
molten    malleable   iron  was  tapped  off."|      This  appearance  of  a  BeaieiDer 
converter  at  work  will  be  familiar  to  anyone  who  has  witnessed  the  operation. 
But  for  a  time  the  process  only  seemed  capable  of  giving  brilliant  exhibitions! 
excepting  when  Swedish  iron  of  great  purity  was  employed  in  the  chtfgo* 
The  ordinary  run  of  British  iron  was  entirely  unsuited  for  treatment  in  th* 
converter,  and  for  the  use  of  brands  which  contained  more  than  one-thoo- 
sandth  part  of  their  weight  of  phosphorus  it  seemed  to  be  hopeless,  sinoe  thif 
substance  is  not  reduced  in  the  process  of  conversion  to  any  sensible  d«?refr 
But  by  an  invention  of  Robert  F.  Mushet,  dated  September   22,   1856,  tha 
phosphorus  difficulty  was  overcome  very  largely  by  the  addition  of  molteo 
Spiegel  iron  to  the  decarburised  metal  in  the  converter  while  in  its  liquid 
state,  by  which  the  proportion  of  carbon  necessary  to  make  steel  is  restored  / 
this  means  however  is  only  successful  with  iron  containing  not  more  thiv 


*So  says  Jeans,  but  it  ought  to  be  said  that  the  paper  was  read  before  the  Meohang| 
section  of  tbe  Association.  Had  it  been  read  before  the  Chemical  Bection  it  would  iUM* 
certainly  have  met  with  a  different  reception. 

t  *'  The  melting  point  of  wrought  iron  is  so  high  that  it  is  only  within  the  lart  quarter €l> 
century  that  we  have  been  able  to  brin^  any  quantity,  beyond  a  few  pounds,  to  the  fluid  itili 
at  one  time  by  means  of  heat. "— Bell's  Manufacture  of  Iron  and  Steel,  p.  381. 

t  Metallurgy  of  lion  and  Steel,  p.  816. 
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the  thousandth  of  one  per  cent,  of  phosphorus.     For  thirty  years  almost  all 

the  iron  converted  into  steel  by  this  process  in  Great  Britain  was  the  product 

of  Spanish  ores  brought  a  thousand  miles  across  the  sea ;  but  by  the  joint 

efforts  of  such  metallurgists  as  Thomas,  Gilchrist,  Snelus,  Martin,  Siemens 

and  others  the  evil  has  been  successfully  dealt  with  by  the  basic  process,  in  '''*«****5^.p^"  .^ 

which  during  the  act  of  conversion  the  phosphorus  is  transferred  to  the  slag  ing  phoHEJblorus. 

by  means  of  lime,  so  that  British  pig  iron  containing  1  to  If  percent,  of 

phosphorus  is  now  fitted  for  use  in  the  Bessemer  converter.* 

But  a  service  of  hardly  less  importance  to  the  iron  and  steel  industry  has 
been  rendered  by  Sir  Henry  Bessemer  along  another  line,  viz.,  the  machinery  machinery  for 
by  which  the  process  is  carried  on.  *'  The  purely  engineering  feats  accom-  verten. 
plished  by  him  in  the  development  of  his  invention  were  essential  to  its  success," 
Mr.  Swank  says,  **and  they  amoze  us  by  their  novelty  and  magnitude.  Those 
who  have  never  seen  this  machinery  in  operation  can  form  but  a  faint  idea  of  its 
exquisite  adaptation  to  the  purposes  to  be  accomplished.  A  Bessemer  con- 
verter, weighing  with  its  contents  from  twenty  to  thirty  tons,  is  moved  at  will 
on  its  axis  by  the  touch  of  a  man  or  boy,  and  receives  in  response  to  the  same 
touch  a  blast  so  powerful  that  every  particle  of  its  many  tons  of  metallic  contents 
is  heated  to  the  highest  temperature  ever  known  in  the  mechanic  arts.  The 
honor  of  inventinir  this  machinery  is  all  Mr.  Bessemer's  own."t   In  the  Edirar  TheEdg»r 

^  °  ''  ^  ^  °       Thomson  workg, 

Thomson  works  near  Pittsburg  the  writer  has  witnessed  the  conversion  of 
fifteen  tons  of  iron  into  Bessemer  steel  in  twenty  minutes;  in  ten  minutes  more 
it  was  cast  into  ingots,  and  these  were  hoisted  by  powerful  cranes  from  the  pi^ 
to  cars  and  taken  to  the  rolling  mills,  where  they  were  removed  from  the  iron 
moulds  by  hydraulic  pressure,  and  with  one  reheating  ea'sh  ingot  was  rolled 
into  a  rail  ninety  feet  long, — thus  completing  the  whole  operation  of  change 
from  molten  iron  to  steel  rails  within  the  space  of  one  hour.J  And  so  cheaply 
is  the  operation  accomplished  that  steel  rails  have  almost  entirely  taken  the 
place  of  iron  rails. §  Indeed,  thanks  to  the  Bessemer  process,  steel  is  now 
being  employed  for  almost  every  purpose  for  which  iron  was  previously  used. 
In  1854  the  whole  steel  trade  of  Great  Britain  was  only  40,000  tons,  and  it 
was  then  selling  at  £50,  £60  and  £70  per  ton,  and  two  or  three  years  later 

*  Sir  Lowthian  Bell  in  the  Reign  of  Queen  Victoria,  vol.  ii,  p.  321. 

f  History  of  the  Manufacture  of  Iron  in  all  Ages,  p.  303. 

X  Concerning  other  machinery  employed  in  iron  and  steel  works  Sir  Lowthian  Bell  says: 
**  Fifty  years  ago  the  larReHt  iron  boiler  (>lated  which  could  be  rolled  measured  9  feet  by  3  feet, 
and  weighed  5  to  7  cwt.  Now  iron  of  this  description  is  turned  out  13  feet  by  10  feet,  weigh- 
ing 16  to  18  cwt.  StiU  more  striking  is  the  present  power  of  producing  armour-plates  for 
protecting  the  sid<*s  of  cur  war  steamers.  Thene  are  made  as  large  as  tne  thin  plates  just 
mentionea,  but  instead  of  about  three-eighths  of  an  inch  they  measure  19  inches  in 
thickness  and  weigh  when  6nished  43  tons.  To  manufacture  such  plates  as  these,  furnaces 
to  heat  masses  of  metal,  machinery  to  move  them  to  the  rolling-mill  and  rolls  to  extend  them 
have  to  be  sufficiently  powerful  to  deal  with  54  tons,  which  is  the  weight  «f  the  rough  block 
of  iron  or  st«'el  require*!  to  give  a  finished  armour  plate  of  43  tons."  ( I'he  Reign  of  Queen 
Victoria,  vol  ii,  p.  223).  In  his  address  as  president  of  the  Iron  and  Ste?l  Institute 
in  Mav.  18H9,  Sir  James  Kitson  gave  an  instance  of  a  plate  rolled  by  Gammell  &  Co.  of 
Sheffield  which  weighed  65  tuns.  At  the  Cousett  iron  works,  he  said,  the  output  is  1,000 
tons  of  plates  per  week  steadily,  whereas  twenty -five  years  ago  it  was  oonaidered  very  good 
work  to  turn  out  260  tons  in  one  week.    (Journal,  No.  1,  pp.  17-20). 

§  In  the  early  days  of  railway  construction  the  best  iron  rails  were  about  15  feet  long 
and  weighed  about  250  lb.  Now  a  steel  rail  90  feet  long  and  weighing  2,460  lb.  can  be  fin- 
ished with  not  more  than  half  the  men  required  to  make  the  old  rail  of  250  lb.,  and  length 
and  strength  and  weight  imply  increased  safety  in  the  running  of  trains,  as  well  as  prolonged 
life  for  the  rail  itself. 
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Growth  Of  the    ^ilway  wheel  tires  were  selling  at  £90  per  ton.     The  first  steel  rails,  macj 
.  thTfLu^priSs.  i^  1^61,  sold  at  £23  per  ton,  and  in  1870  steel  raUway  bars  were  sold  at  £.7. 

to  £12  per  ton,  while  steel  plates  which  formerly  sold  at  £50  to  £60  per 
ton  were  sold  in  that  year  at  £18.     In  1888  the  total  production  of  Bessemfr 
steel  ingots  in  Great  Britain  was  2,012,794  gross  tons,  of  open  hearth  Btee/ 
ingots  1,292,742  tons,  and  of  basic  steel  408,594  tons,  or  a  total  of  3J14.130 
tons ;  while  the  production  of  Bessemer  steel  rails  was  979,083  tons,  whidi 
sold  at  prices  ranging  about  £4  per  ton,  or  £3  per  ton  less  than  the  averse 
selling  price  of  iron  during  the  forty  years  preceding  Neilson's  invention  of 
the  hot  air  blast. ^     The  Siemens  and  Siemens-Martin  open  hearth  prooeoei, 
which  stand  next  in  point  of  success  to  the  Bessemer,  are  equally  dcser?- 
ing  of  mention  with  itf ;  but  the  facts  already  presented  amply  justify  the 
conclusion  that  the  great  progress  made  in  the  iron  industi^  of  the  worM 
during  the  last  hundred  years  has  been  due  in  very  large  part,  if  not  whoUy, 
to  the  service  of  invention.     Without  the  contributions  of  bkill  and  scienct 
the  state  of  that  industry  in  Europe  and  America  might  still  be  what  it  iflin 
the  heart  of  Africa.  J 

*  In  the  United  States  1,552,631  net  tons  of  Bessenier  and  5,261  tons  of  open  hearth  lieel 
rails  were  produced  in  18:J8,  while  the  total  quantity  of  iron  rails  was  only  14,253  tmia  Ib 
the  previous  year  the  total  quantity  of  steel  rails  made  in  that  country  wan  2,S7<^SS6  IM 
against  23,062  tons  of  iron  rails.  Prices  in  1888  at  the  Pennsylvania  mills  ranged  frjJJ 
$27.50  to  #31.50  per  gross  ton.  In  1867  the  average  price  was  SL70,  in  1872  fllS,  in  1877 
$45.50,  in  1882  $48.50 ;  in  1884  it  fell  to  $31.75. 

t  In  the  opinion  of  some  authorities  the  open  hearth  process  is  believed  to  prodnoe  • 
material  more  perfectly  uniform  in  its  character  than  the  BeKsemer  process,  and  for  tw 
reason  open  hearth  steel  was  selected  for  the  construction  of  the  great  bridge  croMinfftlii 
frith  of  Forth. 

t  Professor  Leone  Levies  testimony  of  the  service  of  invention  to  iron-making  it  ^ 
emphatic.  He  says:  **  In  1788  the  iron  make  of  Great  Britain  was  only  68,000  tool P* 
annum.  But  immense  improvements  have  been  introduced  since  then.  B^  opening  w* 
localities,  by  reducing  the  expense  of  fuel,  by  employing  the  cheapest  material,  by  ntuiiiif 
the  gases  and  wante  heat  of  the  blast  and  puddling  furnaces,  by  modifying  the  diancteft' 
the  furnaces^  by  economising  the  wasteful  processes  of  refining,  and  ahiove  all  1^  subfUts* 
ting  mechanics!  for  human  labor,  the  production  of  iron  increased  enormously,  and  in  ^^i 
reached  6.381,000  tons  per  annum  of  pig  iron,  representing  a  value  of  £in,l{K!i,OO0^  ^^^^'tu 
we  take  the  manufactured  iron  in  bar,  sheet  and  rails  the  value  would  be  donble  or  treW 
that  amount."  (History  of  British  Commerce,  2nd  cd.,  ]).  532).  The  coDseqaenca  of  »• 
inventions  introduced  by  Muhhet,  Krupp,  Be!«semer,  Siemens,  Whitworth  and  manyotber>>> 
Professor  Levi  adds,  has  been  a  large  reductitm  in  the  price  of  steel.  "Twenty-fire  J**" 
affo  the  price  of  cast  steel  tires  was  120s.  per  cwt.,  it  is  now  (1880)  from  18s.  to  25s.  j)erc«t- 
The  price  of  forged  st<»el  cranked  axles  wai«,  when  first  introduced,  £16  per  cwt,  itiao*'* 
658.  to  70s.  per  cwt.  The  price  of  straight  axles  and  shafts  was  from  40is.  to  50a.  per  owti  ^^ 
IS  now  from  IDs.  <)d.  to  23s.  i>er  c^^-t."    (p.  533). 

James  M.  Swank,  s(K.T(;tury  of  the  American  Iron  and  Steel  Association,  alto  ftp' 
■**  During  the  lattfT  part  of  the  eighteenth  century  and  the  whole  of  the  nineteenth  centiu? 
down  to  the  present  time  no  other  country  has  occupied  so  c<mspicuous  a  |>ositton  id  tbf 
manufactun;  of  iri>n  and  steel  as  Great  Britain.  Spain  and  Germany  had  in  turn  beenmo'^ 
prominent  in  the  production  of  these  essentials  of  civilisation,  but  Great  Britain  spamed  vl 
rivalry  when  she  l>egan  to  make  pig  iron  with  the  aid  of  mineral  fuel  and  her  powerful  blow- 
ing engines.  Slie  had  abundance  of  inm  ores  and  mineral  coal,  and  her  people  Dad  applied.^ 
the  utiliiiation  of  these  products  their  invincible  energy  and  their  newly-developed  inTsotivt 
genius.  France,  (Termuny  and  other  continental  countries  might  have  sub^titutei  miM'*' 
■coal  for  charcoal,  invented  the  puddling  furnace  or  i)erfected  the  rolling  mill  and  the  itc^B 
engine,  but  none  of  them  did.  To  Kngland  and  Scotland  is  the  world  indebted  for  the  io^^' 
tions  tliat  gave  a  fresh  imi>etus  to  the  manufacture  of  iron  in  the  eighteenth  century ;  Hnol*' 
man.  Darby,  Smeattm  and  Cort  were  Englishmen,  and  Watt  was  a  Scotchman;  and  it  ii***^ 
indebted  to  the  same  countries  for  most  of  the  inventions  of  the  piesent  century,  which  bive 
fiu-tlier  develoi)ed  the  manufacture  of  iron  and  increas(>d  the  demand  for  it,  and  which  1^^ 
**- ■  almost  created  the  manufacture  of  steel.     Stephenson 

tive  in  1815,  and  in  1825  the  first  i>assenger  railroad  ii 

enson's  locomotive  hauling  the  trains.     Neilson,  the ,.. . 

Crane,  the  Flnglishman,  applied  it  to  the  manufacture  of  pig  iron  with  antiiraoite  coilfB 
1837 ;  Xasmyth.  the  .Scotchman,  invented  the  steam  hammer  in  1838  and  the  pile-diivf* 
1843;  and  Bessemer,  the  Kn^lishman,  invented  in  lS55  the  pn)cess  which  been  his  tip* 
£Uid  is  the  fiower  of  all  metallurgical  achievements, — a  share  in  the  honor  of  this  inventioD 
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FUTURE    OF    THB    IBON    INDU8TBT. 

In  the  century  and  a  half  following  the  discovery  of  Abraham  Darby's 

fNTOceBB  of  preparing  mineral  coal  for  furnace  fuel,  during  which  the  annual 

production  of  pig  Iron  in  Great  Britain  rose  from  17,350  tons  to  very  nearly 

^,000,000  tons,  the  growth  of  the  industry  is  from  first  to  last  the  story  of 

tJbe  triumphs  of  man  over  matter.     Without  the  aid  of  invention  iron-mak-  S^oMnTtn^n. 

WM^  in  that  country  could  hardly  have  survived  the  middle  of  the  eighteenth 

o^ntary,  while  with  its  aid  she  has  been  enabled,  until  very  recently,  to  pro- 

^voe  four  times  more  iron  every  year  than  all  the  world  besides.     Yet  the 

uae  of  those  inventions  has  been  as  free  and  open  to  iron- workers  in  all  other 

<M>iiDtries  as  to  the  citizens  of  Great  Britain,  and  not  even  there  have  they 

%>een  more  promptly  seized  upon  than  by  the  iron  masters  and  manufacturers 

of  the  United  Staties.     And  if  the  industry  is  ever  to  be  built  up  in  Canada 

our  greatest  reliance  must  be  upon  an  intimate  knowledge  of  methods  and 

processes.     "  Let  us  develop  our  appliances  and  improve  our  processes  with 

care^  prudence  and  wisdom,"  Sir  James  Kitson  counsels  the  British  iron  men, 

''then  wiU  our  progress  be  sound  and  secure."     This  is  more  necessary  in  cantda's  r«- 

Oanada  even  than  in  Great  Britain,  seeing  that  one  of  our  great  lacks  is  in  the'nM«Miw  of 

men  of  skill  and  experience  to  engage  in  and  carry  on  the  work.     In  one     •^°   *^  ' 

particular  we  have  an  advantage  ;  it  will  not  be  necessary  to  replace  one  set 

of  costly  appliances  by  another,  as  iron-workers  in  Great  Britain  and  the 

United  States  have  been  obliged  to  do  very  extensively  during  the  last  thirty 

yeaiv,  to  the  great  loss  of  capital  employed  in  the  business.     We  may  begin 

^th  the  best  appliances,  and  with  skill  and  capital  we  can  start  upon  even 


being  fairly  doe  to  the  co-operating  genins  of  Robert  F.  Mashet,  alHO  an  English- 
"MfcH  bat  of  Scotch  parentage.  The  Siemens  regenerative  gas  farnace,  which  has  been  so 
^^toBsively  used  in  the  mannfacture  of  iron  and  steel,  is  also  an  Knglinh  invention,  although 
^he  inventors,  Sir  William  and  Frederick  Siemens,  while  citizens  of  England,  were  natives 
^  Hanover  in  Gfrermany." — Iron  in  all  Ages,  p.  46. 

I  most  ask  yon  to  transport  yourselves  in  imagination  to  England  as  it  was  a  century 


^  a  quarter  a^  We  are  accustomed  to  think  that,  however  the  life  of  man  may  alter, 
too  earth  on  which  he  moves  must  remain  the  same.  But  here  the  revolutittns  in  man's  life 
If'^ire  stamped  themselves  upon  the  face  of  nature.  The  great  landmarks,  the  mountain 
{w,  the  river  channels,  the  inlets  and  estuaries,  are  for  the  most  part  unaltered  ;  nothing 
remains  the  same.  For  desolate  moors  and  fens,  fur  vast  tracts  of  unencloi«e'l  pasturage 
mitirt  of  woodland,  we  have  now  com-6eldH  and  orcharrU,  and  crowded  citifHi  with  their 
.  — ^jpies  of  smoke.  Only  a  few  years  before  the  time  of  which  I  speak,  men  complained  that 
P^f  the  ooantry  was  waste.  Today  we  have  a  struc^gle  to  preserve  any  open  land  at  all.  It 
**  %«  a  revolution  in  three  industries,  agriculture,  cotton  ana  iron,  that  this  tiannfonnation  is 
J^^nci pally  due.  .  .  The  iron  industry^  with  which  the  material  greatuesM  of  Kni^Iand  bat 
^Jiaring  the  present  century  been  so  oonifpicuously  a»sf>ciated,  wa«  srra'iiially  dying  out.  M  u':h 
^*  th^  ore  was  still  smelted  bv  charcoal  in  small  furnaces  blown  by  leather  beilowH  wrirked  by 
'^^'^         And  it  wa^  not  a  trade  upon  which  the  nation  lf*oked  with  complacency  or  pride.     On 


^^^oontraiy,  it  had  l^mg  been  denounced  by  patriots  as  the  vi^raciouH  rava^er  of  the  w<>rylH 
^^^^^ioh  furnished  timber  for  our  warAhip<«,  and  pamphleteers  demand*?']  that  we  hhould  irnfxirt 
^^  oar  iron  from  America  where  vaijt  fore.stii  still  remained  to  ^>e  cleare^l  in  the  int^re-ti  '>f 
^%«kHiltare.  Not  cotton  and  irvm,  but  wool  was  cmsidered  in  th'jse  dayH  the  great  pillar  of 
'^^tiiiml  prosperity."— Toynbee's  Industrial  Revolution,  pp.  170-81. 

•  ^     "  Not  only  has  nearly  every  imp^irtant  machine  and  process  emphiyed  in  manufauctures 

^^^lai  either  invented  or  perfected  in  this  country  in  the  pait,  but  it  in  n<#t  tof>  much  Uf  H->y 

^^at  m  let  of  the  prominent  new  industrial  de[^rture4  of  muflem  times  are  due  Uj  the  inven 

^>e  power  and  skill  of  our  countrymen.     Amongst  the-^-sre  the  great  inventi'^  of  f^'i«emer 

For  toe  prodoctifm  of  steel  in  enormous  quantitieH,  by  which  alone,  or  with  it^  modification 

^>  nomas  and  Gilchrist,  enabling  the  c^»mmone<tt  de<»cri{/tirjn  f'f  iron  In  tm  M*si*i  f<ir  the  pur- 

pon,  steel  is  now  obtainei  at  one-tenth  the  price  of  twenty  year>f  a;fo.  In  th**  manu- 

Mctare  of  iron  and  st^^el  we  ^and  pr^^minent.  and  we  are  practically  the  naval  arch i left ts  of 

the  woiid.     Oar  technical  journal*,  Huch  as  tbote  of  the  In-^tituteii  of  Civil  and  M<-chanical 

fcnyiiMMirs  and  of  the  Iron  and  .Steel  Institute,  are  industriously  searche^i  Aod  their  omtents 

iMunilat^  abroad."— Second  Report  of  the  CU^yal  Commissi  jners  on  Technical  I 


Instructio  n 
(1884)  voL  I,  pp.  605-7. 
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terms  with  the  iron  men  of  the  United  States  and  Great  Britain.     But  we 
must  begin  ri^ht — with  skilled  management,  the  best  and  most  economic 
applianced,  a  sufficiency  of  capital,  and  not  unmindful  o^  the  wants  of  the 
home  market  or  our  trade  relations  with  other  countries. 
The  world's  re-  '^^®  future  of  the  industry  is  hardly  in  doubt;  the  world  is  yet  far  from 

oontempiatedTb   ^*^^^^  reached  the  limits  of  its  requirements,  and  for  many  years  to  come  in 
Percy andJeans.  Canada,  the  United  States,  South  America,  Australia  and  Asia  the  demand 
for  iron  products  will  continue  to  increase  in  volume.     Writing  on  this  fea- 
ture of  the  subject  in  1864  Dr.  Percy  said:  "  Notwithstanding  the  marrel- 
lous  development  of  the  iron  trade  in  this  and  other  countries  since  the  intro- 
duction of  railways,  yet  it  may  be  safely  affirmed  that  the  uses  of  iron  wiU 
be  vastly  more  extended  than  at  present,  and  that  there  is  no  just  ground  for 
apprehension  lest  there  should  be  over-production  of  this  precious  metal. 
Even  the  railway  system  is  in  a  state  of  rapid  growth,  and  the  time  will 
'  come  when  every  habitable  part  of  the  earth's  surface  will  be  reticulated  with 
iron  or  steel  roads.     The  day  of  steel  has  arrived — but  not  to  the  exclusion 
either  of  wrought  or  cast  iron ;  and  steel  is  destined  to  exercise  an  important 
influence  on  the  destinies  of  the  human  race."*     But  Dr.  Percy  saw  only 
through  a  glass  darkly,  as  evidenced  by  his  reference  to  the  coming  time  of 
iron  rails  headed  with  steel.     Bails  of  this  class  were  hardly  more  than  intro- 
duced when  they  gave  place  to  the  all-steel  rail ;  and  even  now  steel  ships  are 
beginning  to  take  the  place  of  iron  and  wooden  ones  on  the  waters  of  onr 
great  lakes,  f     Jeans  in  concluding  his  History  of  Steel  says  :  '*  The  more  the 
subject  of  the  applications  of  steel  is  inquired  into,  the  more  does  it  seem 
incapable  of  exhaustion.     Great  things  have  been  accomplished  in  the  past, 
but  much  yet  remains  ii^  the  future.     The  manufacture  of  steel  is  far  from 
finality.     Even  now  some  of  the  leading  steel  works  in  France  are  a8sa3ring 
the  production  of  ingots  100  tons  weight.     Steel  indeed  may  be  compared 
in  reference  to  its  multifarious  uses  with  the  elephant's  trunk,  the  adapta- 
bility of  which  enables  it  with  ease  to  pick  up  a  needle  or  to  pull  up  a  tree. 
High  authorities  have  expressed  the  opinion  that  steel  will  have  the  future 
nearly  altogether  to  itself,  displacing  copper  for  fire  boxes,  etc.,  silver  for 
articles  of  ornament  and  lead  for  purposes  of  softness,  as  much  as  it  is  super- 
seding iron  in  respect  of  utility,  economy  and  endurance.     And  as  it  is 
difficult  to  set  bounds  to  the  ultimate  applications  of  steel,  so  is  it  impossible 
to  limit  the  means  of  its  production.     Recent  metallurgical   progress  Jias 
indefinitely  increased  the  resources  available  for  the  latter  purpose.     Science 
has  at  last  found  a  method  of  ridding  of  their  deleterious  contents  the  ores  of 
iron  heretofore  unsuited  for  the  manufacture  of  steel,  and  henceforth  if  metal- 
lurgists of  experience  are  not  greatly  deceiving  themselves  the  cheapest  aad 
the  most  plentiful  ores  will,  by  one  of  the  greatest  chemical  triumphs  of  the 
age,  be  raised  to  the  same  rank  as  the  richer  and  comparatively  limited  ores 
that  have  alone  been  deemed  fit  for  the  manufacture  of  steel  until  now.| 


*  Metallurgy  of  Iron  and  Steel,  p.  890. 

tTo  Jainea  Kiley,  manager  of  the  Glasgow  steel  works,  is  dne  the  credit  of  fint 
mild  Hteel  in  the  construction  of  ships,  he  having  built  two  steel  vessels  in  187fi. 

t  This  was  written  in  1880. 
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The  hcfnEoa  of  the  fatnre  tiierefore  is  not  bounded  by  any  limitation  of  the 

supplies  of  raw  materiaL      Nor  is  it  any  more  likely  to  be  measured  by 

the  uses  of  steel,  for  they  aj^  multiplying  every  dry,  and  as  the  manufacture 

ia  cheapened  and  improved  so  will  the  applications  continue  to  increase.     In 

the  track  of  this  movement  many  changes  must  follow,  and  have  even  already 

occurred,  of  which  we  have  been  able  to  take  but  scant  cc^^izAnce.     The 

hard  and  irksome  work  of  the  puddler  has  been  superseded  by  less  arduouSi 

and  in  the  main  by  less  skilled  labor.*     One  of  our  greatest  authorities  has 

calculated  that  to  convert  fluid  cast  iron  into  steel  the  labor  required  is  only 

about  one-third  of  that  required  to  convert  pig  metal  into  wrought  iron,  while 

the  fuel  consumed  is  only  about  one-fourth  that  formerly  used.     The  economy 

of  coal  is  therefore  another  important  coroUary  of  the  advance  of  steel,  and 

this  economy,  great  though  it  be  in  the  aggregate,  is  trifling  in  comparison 

with  that  accomplished  through  the  greater  strength  and  endurance  of  that 

which  we  are  fully  justified  in  describing  as  the  metal  of  the  future."     Fifty 

years  ago  the  world*s  production  of  iron  was  about  2,750,000  tons,  Great 

Britain  being  credited  with  1,120,000  and  the  United  States  with  300,000 

tons,  and  in  1888  it  had  increased  to  nearly  23,200,000  tons,  of  which  Great 

Britain  produced  in  round  numbers  8,000,000  and  the  United  States  6,500,000 

tons.     In  1837  the  consumption  per  capita  in  the  British  islands  was  about 

PMt,  pre  top  t 

78  Ih.  and  in  1887  it  was  reckoned  to  be  300  Jb.     In  the  United  Statt's  it  mhI  futur*. 

increased  from  about  95  lb.  in  1860  to  270  lb.  in  1880  and  probably  to  300  lb. 

in  1888.  f     The  consumption  of  Canada  in  1888  did  not  exceed  1001b.  per 

<iapita ;  yet  that  is  nearly  as  large  as  the  average  for  Europe  and  the  United 

States,  and  more  than  double  the  consumption  of  the  South  American  states. 

It  iB  a  safe  prediction  that  in  less  than  fifty  years  the  present  per  capita  con- 

*^unption  of  iron  in  the  world  will  be  50  lb.,  and  that  the  requirements  of 

^e  United  States  and  Canada  alone  will  be  20,000,000  tons  yearly.     Iron  ore 

^o«8  not  grow  like  forests  or  grain  crops,  and  every  year  the  world's  supply 

^  being  reduced  by  the  quantity  raised  and  smelted.     Here  in  Ontario  our 

^^posits  are  for  the  most  part  as  they  came  from  the  hand  of  nature,  and 

^ey  are  believed  to  be  of  enormous  extent.     If  we  have  skill  and  enterprise 

^^^  capital  we  may  develop  them  ;  we  may  build  up  an  industry  of  immense 

^%lae;  we  may  even  take  rank  as  iron  manufacturers  with  our  kinsmen 

the  lakes  and  beyond  the  sea.| 


*  Few  puddlen  are  able  to  continue  the  work  after  the  ago  of  45  or  50  yoan. 

^  f  In  speaking  before  the  Iron  and  Steel  Institute  in  May,  1887,  Sir  liowthian  Hell  luid : 
*  The  United  Kingdom  consumed,  after  deducting  the  iron  exiiorted,  about  2D9  lb.  uer 
^^>if>nm  per  head  of  its  population.  The  United  States  followcnl  with  270  lb.  Hut  tlm  5lO 
^^^illions  of  inhabitants  of  all  Europe  and  the  United  States  ot  America  only  consumed 
^07  Ili>t  some  oountries  only  requiring  about  24  lb. :  and  the  average  consumption  of  the  1,425 
^fc^illtmia  of  people  who  inhabited  the  glolxi  was  onl]  " 


people  who  inhabited  the  glolxi  was  only  about  32  lb.,  or  about  on<*-ninth  of  what 

used  in  the  United  Kingdom  and  the  United  States  together.    Still  more  striking  was 

^lie  fact  that  there  were  1,014  millions  who  iised  less  than  2  lb.  of  iron  \mr  annum,  and  of  thcMte 
Vliere  were  517  millions  who  managed  to  exist  with  a  o<msumption  of  less  than  a  ^  lb.  iwr  indl* 
'Vidnal  per  annum."— Journal  of  the  Institute,  No.  1,  1887,  p.  120. 

X  As  eTidenoe  of  the  importance  of  the  iron  and  steel  industry  in  giving  employment  to 
Nrorldngmeii,  the  following  extract  is  taken  from  the  Pittsburg  I>is|iaton  of  l>ecember,  isHH. 
Showing  the  aggregates  of  semi-monthly  pa^-rolb  in  the  iron  and  steel  mills  of  that  city  and 
its  mibarbs:  '*  Commencing  with  Carnegie  15rf>thers  k  iU>,  and  Carnegie,  Phiptjs  A  Co.  i 
*rheT  employ  abcmt  6,000  men,  and  pay  out  every  two  weeks  as  follows  :  At  the  two  I/uoy 
hlaat  fomaces,  $8,000;  at  the  Union  MilL  Thirty-third  street,  180.000;  at  the  Union  Inm 
%Bd  Forge  BiiJl,  Twenty-ninth  street,  $25,000;  at  the  Uessemitf  Mteel  Mill,  UotMstsad. 

24  (ILG.) 


COPPER    AND    NICEEL    BUELTINO. 

The  discoveries  of  extensive  ranges  of  copper  and  nickel  ore  in  th» 
district  lying  northward  of  Georgisji  bay,  and  especially  the  mining  and 
smelting  operations  carried  on  in  the  vicinity  of  Sudbory,  demsmd  notice  in. 
TrwtmsotDf      this  Section  of  the  report.     The  combination  of  metals  in  the  ore  of  tbosfr 
Mm^oMU  of     ranges  however  is  so  peculiar  that  it  is  yet  too  early  to  speak  with  confi- 
^SSS.  dence  of  the  success  of  works  erected  to  reduce  it  upon  an  extensive  scale. 

■'  This  combination  of  nickel  and  copper,"  as  stated  by  Dr.  Peters  in  bi» 
evidence,  "has  not  been  met  with  before  in  such  quantities  as  to  require  separ- 
ation in  a  wholesale  way.  The  only  case  of  the  kind  in  America  is  the  Gap. 
mine  in  Pennsylvania,  and  there  they  use  the  old  Enropean  way  of  dissolving: 
in  acids,  which  would  never  do  in  our  case."  At  present  prices  Uie  copper 
contents  of  the  ore  are  only  of  secondary  importance,  even  assuming  that  i\w 
separation  of  the  metals  from  other  combinations  and  from  each  other  can  b» 
accomplished  satisfactorily  and  by  an  economic  method.  It  is  claimed  that 
such  a  process  has  been  discovered  at  the  smelting  and  refining  works  of  Sir 
Henry  Hussey  Vivian  at  Swansea  in  Wales,  where  experiments  with  the  or» 
and  matte  have  been  carried  on  for  some  time ;  and  if  it  be  true,  as  reported, 
that  this  distinguished  metallurgist  intends  to  establish  reducing  works  at 
Sudbury  to  smelt   the  ore  of  a  mineral  property  he  has  recently  acquired 

tS2,000,  and   >t  the  Bdgu  Thompran  Steel  Mill  and  teven  blast  faniaoea,   Braddock, 

trO  000 :  makinir  a  total  fur  the  Carnwie  firm*  alone  of  81C&,000.    Next  U  the  National  TuM- 


970,000 ;  makins  a  total  fur  the  Carne^e  firm*  alone  of  8105,000.  Next  u  the  National  Tubo- 
Works,  at  McKeeeporC.  They  operaCe  three  rolling  milli  and  the  lamH  pipe  mill  in  the- 
world.  They  employ  G.OOO  men  and  pay  out  9126,000.  Oliyar  Brotben  ft  Phulipi  rank  at  the 
head  of  the  third  chun  in  paying  out  money.  Thia  firm  operates  three  iron  milli  and  a  Meel 
plant,  and  givee  work  to  about  3,000  meo,  paying  them  976,000.  Jones  ft  Laughlini,  opeiat- 
mg   Oie  American   Iron  Worka,  give  work   to   8,000  men  and  their  pay  nil]  amooDta  to 


{ng  the  American  Iron  Worka,  give  worK  to  ti,uuu  men  ana  tbeir  pay  roll  amooDta  to 
97^,000.  but  only  from  945,000  to  t&5,000  ii  aaid  to  be  paid  out  in  raoney,  the  remainder  btdng 
taken  from  the  company's  itore.  The  Piltabnrg  ForgB  and  Iron  Worka  pivee  work  to  TOO 
men  and  pays  out  913,000 ;  the  Pittsbure  Irvn  Works  of  J.  Painter  ft  Sona,  900  men, 
936  000 1  Park  bros.  &  Co,,  Black  Diamond  Steel  Works,  1,200  men,  931,000 ;  the  Flttsbm« 
Steel  anil  Carting  Company,  SOO  men,  97,600;  the  Clinton  mill  and  blast  famaoe,  on  the 
south  side.  550  men,  912,500 ;  A.  M.  Byers  ft  Co.  'i  Iron  and  Pipe  Mill,  660  men,  914,600 ; 
Anchor  Nail  and  Tack  Works,  Chess,  Oook  ft  Co.,  400  men,  911,000;  Sligo  Iran  MiU. 
Phillips  Nimickft  Co.,  060  men,  913,000;  Sheffield  Steel  Works,  Singer,  Nimick  ft  Co..  700 
916,600 1  Glendon  Spike  Works,  DilvorCh,  Porter  ft  Co.,  912,600 ;  Republic  Ito- 
-kB.  SOU  meo,  914,500  ;  Elba  Iron  and  Continental  Tube  Company,  at  Frankstown,  6B 


Works,  SOU  men,  914,500  i  Elba  Iron  and  Continental  Tube  Company,  a.  ... 
men  916  000  (the  tube  mill  is  at  present  idle).  The  Sobo  Iron  and  Steel  Mill  and  the 
blast  furnace  of  Moorhead,  McCleane  ft  Co.,  700  men,  916,600 ;  Keystone  Rolling  Mill,  40O 
men  910,000  ;  the  Star  Iron  Mill  of  Lindsay  ft  McCutcheon,  660  men,  913,600 :  the  La  Belle 
Bteel  Mill  260  men,  98,000;  the  Kensington  Iron  Milt  ol  I^loyd,  Sons  ft  Co.,  260  men, 
97D00'  the  Waytie  Iron  and  Steel  Mill  of  Brown  and  Co.,  600  men,  914,000;  the  Juniata 
Ir^u  and  Steel  Mill  and  two  blast  furnaces  of  Shoenberger  ft  Co.,  760  men,  920,000 ;  the 
(teel  works  of  Howe,  Brown  ft  Co.,  fi60  men,  918,000;  the  Sable  Iron  Works  of  Zug  ft  Co., 
EOO  men  914  000  the  Millvale  Mill  of  Urat!,  Bennett  ft  Cu.  (which  is  st  preeent  shut  downt, 
676ineni91G,r>00;  lli<' ."^nlsr  Iron  Works  of  Wm.  Clark  ft  Co.,  160  men,  99,000,  The  Fort 
Pitt  Iron  Wurk^.  wtitsii  l.^at  ojiersted  by  Graff,  Bennett  ft  Co.,  gave  work  to  BOO  men,  who 
ware  paid  960,000  :  tL^  \'ssui'ius  Iron  Milt  ot  Moorhead  Bros,  ft  Co.,  460  men,  99,000 ;  tbe 
Etna  Iron  and  Pipe  M 1 1 1  -  of  Spang,  Chalfant  ft  Co.,  650  men,  with  a  pay  roll  of  918.000  (bnt 
leldommore  than  fll.OOC)  is  psid  out  in  cash,  the  rest  being  taken  out  of  the  company's  store)  j 
the  Spang  Steel  and  In.ii  Company,  350  men,  98,000;  the  Crescent  Steel  Works  of  Miller, 
Melcalf,  Pnrkin  ft  Co.,  .'jIjO  men,  916,000.  This  latter  plant  is  one  of  the  leading  steel  milla 
in  the  world.  The  finest  grade  of  steel  is  made  there,  which  is  used  for  making  fine  light 
■heart,  needles  and  dock  spring  steel.  The  Linden  Steel  Mill,  400  men  912.000  ;  the  Olivor 
ft  Robert*  Wire  Mill,  400  men,  910,000  ;  the  Sobo  Pipe  Mill,  SOO  men,  98,000;  the  Pnuurl- 
vania  Tabe  Works,  700  men.  916,000 ;  the  Isabella  Furnace  Company,  860  men,  98,600 ;  the 


the  PitMbnish  Steel  Works  at  Chartiers,  400  men,  99,0110; 
and  the  Mcti^aeiport  Iron  Works  of  W.  D.  Wood  ft  Co..  460  men,  911,000."  That  makee  a 
total  of  9939,600  evetr  two  weeks.  In  one  year  of  twenty-five  pay  days  per  month,  it  would 
amoant  to  933,467,000  paid  oat  to  87,360  men  who  are  «mplo7«d  inttae 
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there,  it  may  be  assamed  that  his  experiments  have  been  attended  with 
saooeas,  or  at  any  rate  that  the  progress  in  treatment  jastiOes  the  expect'ition 
of  success. 

IMPOBTANCB    OF    THB    INDUSTBT. 

The  valae  of  snch  works   to  our  province,  if  established   and   carried 
on  at  paying  figures,  must  appear  obvious  when  it  is  seen  how   large   the  The  copMr 
industry  is  elsewhere  as  limited  to  production  of  ingot  copper  alone.     The  thTworidr  ^^ 
following  table,  published  in  the  report  on  the  Mineral  Resources  of  the  United 
States  for  1887,  gives  the  copper  production   of  the  world  in  long  tons  for 
the  eight  years  1 880-7  : 


Ccmntries. 


1887. 


1886. 


1885. 


1884. 


1883. 


1882. 


1881. 


1880. 


dtirope 

J^f  orth  America  . 
Soath  America. . 
•Airica 


A^nstralia 
Totals. 


79.244 

75,234 

74,839 

1 
73,959 

85,398 

73,386 

77,706 

64,750 

33,570 

40,088 

44,573 

48,269 

7.400 

6,125 

6,700 

5,260 

11,000 

10,000 

10,000 

10,000 

7.700 

9,700 

11,400 

14,100 

72,172 
54,171 
47,485 
6,575 
7.600 
12,271 


66,786 
42,868 
51,108 


65,006 
34,551 
44,389 


6.316  I  4,067 


4,800 
8,612 


3,900 
10,000 


59,370 

28,960 

47,616 

5,239 

3,900 

9,700  1 


224,312 


214,533 


224,218 


216,338 


200,774 


180,390  I  161,913 


154,775 


Michigan. 


Xhia  IB  an  increase  of  69,537  tons  in  seven  years,  but  as  prices  were  main- 
tained at  a  high  rate  during  the  greater  part  of  the  time  by  the  operations  of 
the  French  copper  syndicate  the  increase  may  be  regarded  as  abnormal.     The 
total  product  of  the  United  States  in  1879,  according  to  the  census,  was 
S6yll5,d54  lb.  ingot  copper,  of  which  45,830,262  lb.  was  credited  to  the  mines 
of  northern  Michigan.     The  capital  employed  in  the  industry  in  Michigan  as  Production  of 
v^eported  in  the  census  was  $30,413,551,  of  which  $24,116,366  was  the  value  of  nr^Jrn 
estate,  $5,275, 185- the  value  of  plant  and  $1,022,000  the  amount  of  working 
pitaL     The  total  number  of  employ^  in  the  census  year  was  5,004,  made  up 
Of  2,076  miners,  2,742  laborers  and  186  officers  of  the  administrative  force, 
itnd  the  amount  of  wages  paid  in  the  year  was  $2,661,243.     The  value  of 
Xkiaterials  or  supplies  used  was  $1,215,206,  and  the  value  of  the  product  was 
^7,979,232.^      In    1887    the     total    product   of   the    United    States    was 
180,920,524  lb.  and   that  of  northern  Michigan  75,471,890  lb.,  the  average 
Celling  price  of  which  was  about  l\^  cents  per  pound.     The  cop{)er  produc- 
tion of  Great  Britain  has  fallen  from  15,968  long  tons  in   1860  to  not  more 
^ban  1,500  tons  in  1887.     In  Chili  also  the  output  appears  to  he  falling  off  in  "*^*'  '"""'''< 
recent  years,  the  exports  from  that  country  having  been  25,498  tons  in  1857 
44,6i4  tons  in  1867,  45,400  tons  in  1877  and  29,150  tons  in  1887.     in  Spain 
^nd  Portugal  however  production  is  on  the  increase,  the  total  for  1881  having 
>>een  32,697  tons  in  1879  and  52,219  in   1887.     At  the  famous  Uio  Tinto 
tnine  in   Spain    the  ore  occurs  in  large  masses  very  similar  to  that  of  the 
Sudbury  ranges,  saving  that  it  contains  no  nickel;  it  is  a  low  grade  of  copper  '"^"^  ^ 
pyrites.     One  of  the  veins  is  8,000  feet  long  by  180  wide  and  another  three- 
fifths  of  a  mile  long  by  600  feet  wide,  and  it  is  computed  that  there  are 


Proiliiciion  in 


'United  Stotef  Ccnmu  of  1800,  toI.  xt,  pp.  796^800. 
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150,000,000  tons  of  ore  in  sight  It  is  worked  by  an  English  company  whid 
has  a  paid-up  capital  of  £3,250,000  stg.,  and  the  total  cost  of  the  mine  ai 
shown  by  the  annual  report  for  the  year  ending  December,  1888,  wa. 
£3,331,095.  The  report  for  that  year  shows  that  the  profits  on  sales  of  pre 
duce  realised  £1,142,777,  and  after  providing  for  payment  of  interest,  expense 
of  administration,  bonds  redeemed,  plant,  repairs,  etc.,  there  remained  ava.-^ 
able  for  dividend  a  net  profit  of  £764,706.  The  quality  of  the  ore  ir:: 
appear  by  the  following  table,  giving  the  quantity  raised  from  the  mine  ^ 
shipment  and  local  treatment  in  the  seven  years  1882-8,  together  with  ^^ 
average  copper  contents  of  the  ore  : 


Year. 

For 
shipment. 

For  local 
treatment. 

Total. 

Ck>pper 
contents. 

1 

1882 

1883 

tons. 
259,924 
313,291 
312,028 
406,772 
336,548 
362,796 
434,316 

tont*. 

688,307 

786,682 

1,057,890 
944,694 

1,041,833 
819,642 
969,317 

tons. 

948,231 
1,099,973 
1,369,918 
1,351,466 
1,378,381 
1,182,438 
1,403,633 

1 
per  oent.    j 

2.806 

2.956 

8.234 

3.102 

8.046 

8.047 

2.949 

1884 

1885 

1886 

1887 

1888 

It  will  be  shown  farther  on  that  the  copper  contents  of  the  Sudbuiy  minei 
Ancicnfmines     ^re  twice  as  great  as  those  of  the  Rio  Tinto,  besides  their  contents  of  nicW. 

which  |>ay  o  ' 

?Arge  di\idend8.  The  Rio  Tinto  and  Tharsis  mines  in  Spain  are  of  great  antiquity.  Sir  Haswf 
Vivian  says  there  is  good  reason  to  believe  that  they  were  worked  by  the 
Romans,''^  and  in  the  opinion  of  some  people  the  Tharsis  mine  is  the  Tanhiih 
of  Solomon's  day.  Yet  those  mines,  ancient  as  they  are  and  long-worked 
though  they  have  been,  are  still  yielding  immense  profits  to  their  owneis, 
as  the  following  payments  of  dividend  show  : 


Year. 

1              Rio  Tinto. 

Tharsis. 

Dividend. 

1 
1 

Rate  p.  c. 

Dividend. 

Rate  p.  c 

1886 

1887 

1888 

$    487,600 
1,625,000 
2,762,500 

3 
10 

17 

$    440,449 

587,660 

1,173,200 

7* 
10 
20 

Note.— A  balance  of  £202,206  was  carried  forward  in  revenue  account  tdtor  paying*** 
large  dividend  of  the  Rio  Tinto  company  in  1888. 


^~ !"  *"La8t  year  (1879)  I  visited  the  famous  Rio  Tinto  and  Tharsis  mines  and  found  tbi* 
covered  witd  mountains  of  old  slagrs,  just  as  the  often  prophesied  New  Zealandor  niay  MjB|| 
day  wander  over  and  wonder  at  our  Swansea  slag-heapa.  There  is  good  reason  to  beliete  tbi| 
these  workings  were  Roman,  and  no  one  looking  at  those  heaps  can  doabt  the  greit  i^ 
upon  which  tney  worked  and  the  skill  with  which  their  oi>eration8  both  below  *nd*^^ 
ground  were  conducted.  They  rejected  and  left  unworked  the  low-produce  pjriief ,  but  W 
rollowed  eagerly  the  rich  veins  of  yellow  ore  which  traverse  those  mighty  deposita.  I  ttV  w 
wonderful  northern  face  of  the  great  Open  Cast  at  Rio  Tinto,  compact  pyritef  some  80  V 
100  feet  deep  and  1,000  feet  lon^,  pierced  at  frequent  intervals  by  ancient  Roman  nUtf*^ 
following  with  true  mining  instinct  the  veins  of  rich  ore.  I  examined  oritdcaUy  &e  dH' 
heaps,  and  was  astonished  at  the  freedom  of  the  slags,  made  perhaps  nearly  ^000  yean  af^ 
from  prills.    At  this  moment,  with  all  my  acctunulated  expenenoeof  copper  Bmelting,  I  W» 
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These  statistics  will  enable  us  to  form  some  conception  of  the  value  to  Ontario 
of  the  great  copper  ranges  lying  in  the  Huronian  region  beyond  Georgian 
bay,  as  yet  but  veiy  imperfectly  explored,  and  of  the  possibilities  which  await 
their  development. 

Fifteen  years  ago  the  world's  production  of  nickel  was  about  600  tons, 
and  in  consequence  of  its  comparative  rarity  and  of  new  uses  to  which  it  '^^^^l^^^f 
was  found  to  be  adapted   the  price  had  in  a  few  years  risen  in  England  from  nickel. 
4s.  to  lis.  per  lb.*     In   1876  the  average  price  in  the  United  States  was 
$2.60  per  pound  and  the  total  product  201,367  lb.  ;  in  1882  the  product  was 
281,616  lb.  and  the  price  $\A0  per  pound  ;  but  in  1887   the  product  fell  to 
205,566  lb.  and  the  price  to  65  cents.     This  was  a  result  of  the  discovery 
and  working  of  high-grade  nickel  ores  in  the  island  of  New  Caledonia,  a 
penal  colony  of  France^  about  the  year  1876,  and  which  in  the  years  1882-4  ^®JJjJ^- 
produced  from  800  to  1,000  tons  of  metallic  nickel,  while  no  new  uses  were  Sfe^'oS^pri^* 
found  for  it  in  the  arts.     Consequently,  although  the  mines  of  New  Caledonia 
have  been  worked  under  unfavorable  conditions,  the  supply  exceeded  the 
demand,  and  prices  steadily  dropped,  f     Hitherto  nickel  has  been  used  for 
making  the  alloy  known  as  nickel-silver,  which  possesses  great  strength  and 
whiteness,  and  is  produced  for  the  supply  of  manufacturers  of  spoons,  forks, 
plated-ware  and  other  articles.     It  is  also  largely  used  in  the  United  States,  Alloys  of  nickel^ 
Germany,  Belgium  and  other  countries  in  the  minting  of  small  coins,  for 
which  it  is  well  adapted.     But  recent  experiments  carried  on  in  Great  Britain 

know  how  they  made  those  heavy  irony  slags  so  clean.  I  had  but  little  time  to  examine 
the  ground,  and  I  failed  to  find  the  remains  of  their  furnaces.  I  failed  also  to  find  metallic 
bottoms,  the  f^imous  *£isen8amen'  or  *iron  pigs,'  which  almost  invariably  accumulate  in  the 
bottom  of  blai«t- furnaces  working  on  ores  of  this  nature,  and  which  do  now  occur  largely  in 
the  most  (scientifically  conducted  works  of  Germany  and  Sweden.  Surely  these  *old  men* 
knew  their  business  !"— Vivian's  Lecture  on  Copper  Smelting,  p.  7. 

•Philliiw'  Elements  of  Metallurgy,  p.  362. 

fThe  following  account  of  the  New  Caledonia  nickel  mines  is  given  in  the  report  on  the 
Mineral  Resources  of,  the  United  Stotes  for  18S5  :  **The  veins,  so  far  as  strike  and  dip  are 
concerned,  are  fail  ly*  regular,  striking  north-northeast  and  south -southwest  and  dipping 
almost  vertically.  But  the  contents  vary  widely  and  suddenly  in  grade.  The  veins  are^ 
not  very  persistent,  and  it  is  asserted,  after  experience  which  must  be  considered  final,  that 
they  do  not  descend  deeper  than  300  to  500  feet,  even  that  depth  being  very  rare.  The  ore  is 
mined  by  the  usual  methods  and  is  sorted  bv  hand  at  the  mine  and  sacked.  M.  de  Peloux 
describes  in  detail  how  freauently  the  ore  is  handled,  evidently  disapproving  of  it ;  he  enum- 
erates that  the  ore  of  the  Tnio  district,  which  is  best  equipped  with  means  of  transportation, 
is  handled  twelve  times.  This  is  partly  due  to  the  fact  that  the  sacks  are  taken  to  the  river 
bank,  the  bar  at  the  mouth  of  which  they  can  only  cross  at  floodtide,  and  that  the  beach  is  sa 
shallow  that  the  ore  must  again  be  lightered  to  the  sea-going  vessels  in  the  oliing,  which  carry 
it  to  the  smelting  works  at  Noumea.  Thus  the  irregularity  of  the  ore  distribution  and  the 
high  cost  of  transportation  greatly  increase  the  expense  of  mining.  To  this  must  be  added 
the  scarcity  of  suitable  labor  in  New  Caledonia.  Among  the  force  available  are,  first,  those- 
transportea  criminals  who  are  liberated  with  residences  restricted  to  the  colony.  They  are- 
lazy  and  difficult  to  handle.  They  receive  from  6  to  9  francs  for  eight  hours'  work.  Then 
there  are  the  natives  of  the  New  Hebrides  islands,  engaged  under  supervision  of  the  gov- 
ernment for  a  period  of  three  to  five  years.  Although  apparently  cheap  labor,  they  cost 
3  francs  a  day,  are  unfit  to  work  in  the  mines,  and  are  unable  to  adapt  themselves  to  th& 
climate,  from  25  to  30  per  cent,  always  being  in  the  hospital,  where  the  majority  die.  Their 
immigration  has  been  finally  prohibited  by  the  French  government.  The  Australians  are 
fair  miners  and  good  workmen,  but  they  demand  at  least  12.50  francs  a  day.  Latterly 
Chinese  laborers  have  been  broufirht  in  and  give  better  promise^  although  they  require 
constant  watching.  Added  to  the  high  cost  of  labor  as  compared  with  European  standards, 
there  is  often  trouble  through  want  of  water.  The  ore  is  taken  in  lots  of  200  to  260  tons  to> 
Noumea,  where  it  is  worked  in  two  blast  furnaces,  one  of  which  is  used  for  nickel  ores  alone, 
and  the  other  for  mixed  ores  of  nickel  and  cobalt.  The  charcoal  and  coke  come  from. 
Australia,  and,  in  spite  of  the  proximity  of  the  two  colonies,  are  very  dear.  Charcoal  costing. 
12.60  francs  at  Sydney  is  wortn  40  francs  at  Noumea,  while  coke  sells  at  70  to  80  francs^ 
The  object  in  smelting  the  ore  is  to  produce  a  matte  carrying  from  60  to  70  per  cent  of  metaL 
It  is  granulated  and  snipped  to  England.*' — p.  300. 
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with  alloys  of  nickel  and  steel  seem  to  justify  the  hope  that  a  new  and  valu- 
able use  has  been  found  for  the  metal,  and  if  the  claims  now  made  are  well 
founded  it  is  not  unlikely  that  the  resources  of  all  known  mines  may  soon  be 
taxed  to  supply  the  demand  for  it. 

PBOCB88ES  OF  8MBLTIN0  OBBB. 

There  are  various  processes  for  the  smelting  and  refining  of  copper  orest 

all  of  which  are  well  described  in  Phillips'  Elements  of  Metallurgy,   Dr. 

Percy's  Metallurgy  and  other  works,  but  in  the  short  account  here  given  the 

writer  follows  very  closely  the  two  greatest  living  authorities  as  scientific 

oerman    *"      *i^d  practical  metallurgists, — Sir  Henry  Hussey  Vivian  who  favors  the  Welsh, 

•jstem*.  ^^^  j^j.  E^j^g^rj  J)  Peters  who  favors  the  German  system.*  "  When  I  use  the 

term  South  Welsh  system  of  copper  smelting,"  Vivian  says,  "  I  carefully 

avoid  the  term  *  principle '  of  copper  smelting,  because  the  same  principle 

must  be  the  base  of  all  copper  smelting.     The  ends  are  the  bamc,  but  the 

^     .  means  of  attaining  them  are  difi^erent.     The  difference  lies  in  our  use  of  rever- 

>    riffiQofthe  ° 

Webb  pncticc.  beratory  furnaces  both  for  calcining  and  melting,  while  the  other  systems  of 
the  world  depend  (or  perhaps  more  correctly  depended)  on  roasting  in  heaps 
and  melting  in  b  :vst  furnaces."  Before  the  Welsh  system  was  introduced 
three  centuries  :  go  the  practice  had  been  to  roast  and  melt  the  ore  and 
regulus  repeatedly  ;  as  many  as  sixteen  and  twenty-two  times  are  mentioned, 
one-half  roastings  and  one-half  melting,  and  the  time  occupied  was  as  many 
weeks  as  fires.  But  with  the  new  system,  the  inventor  of  which  was  one 
Jochim  Gans,  the  work  could  be  completed  in  five  days.f  This  practice  was 
adopted  with  the  commencement  of  copper  smelting  in  South  Wales  in  1584, 
and  in  the  following  year  they  were  able  to  smelt  24  cwt.  of  ore  every  day 
with  one  furnace  and  to  treat  any  kind  of  ore,  which  in  1586  was  farther 
increased  to  three  tons  per  day  with  a  mixture  of  charcoal  and  mineral  coal, 
which  proves  the  use  of  a  reverberatory  furnace.  | 


*  See  Copper  Smelting,  its  History  and  Processes,  by  Henry  Hussey  Viyian,  M.P.,  a 
lecture  delivered  at  Swansea,  in  the  theatre  of  the  Royal  Institution  of  South  Wales,  Decem- 
ber 20th,  1880 ;  and  Modem  American  Methods  of  Copper  Smelting,  by  Edward  D.  Peters, 
junr.,  M.E.,M.D.,  1887. 

t  The  ove  was  prei)ared  for  the  furnace  by  crushing  and  roasting  it,  after  the  vitriol  and 
burnt  cinder  were  carried  off  by  water,  which,  Vivian  savs*  distinctly  proves  reverberatoiy 
calcining.  Nedbam  (quoted  bv  Vivian)  says:  **  By  Mr.  Jochims  order  of  working  we  can — 
by  once  rosteing  and  once  smelting  the  ure  (w'ch  shall  be  done  in  the  space  of  Uiree  days) 
the  same  copper  ure  shall  yield  us  black  copper  and  copper  stone  which  nether  Mr.  Danieli 
nor  his  Sonne  could  or  yet  can  do  under  xvi  times  (passing  through  the  fire  and  xvi  times 
doeing  thereof,  and  further  in  once  rosteing  and  once  smel tinge  the  s^me  black  copper 
and  copper  stone  again,  which  shall  be  done  in  two  days  after  Mr.  Jochims  order  of  worke- 
iuge,  I  will  bringe  the  black  copper  and  copper  stone  into  perfect  rough  copper,  whidi  Mr. 
Stemberger  cannot  make  under  xxii  tymes  passing  through  the  fire  and  xxii  weekes  in  doinge 
thereof  and  sometymes  more." 

t  *'  On  the  7th  of  March,  1586,  Ulrick  Frosse  wrote  to  Mr.  Carnsewe  (superintending  a 
mine  in  Cornwall) :  '  Wee  looke  dayley  for  the  copper  refiner  from  Keswicke,  and  have  in 
readines  as  much  copper  roste  and  blake  copper  as  will  make  a  20  tonne  of  g«>od  copper.'  He 
reported  in  the  same  letter  that  he  'could  melt  in  7  hours  24  c.  of  owre,  with  8  or  9  seks  of 
chare  coles  and  3  horslod  of  sea  coles ;  melting  many  sorts  of  owres  to  gether  is  the  most 
proffet  and  will  smelt  a  greattayll  souner.*  Now  this  passage  shows  that  they  had  so  increased 
their  melting  as  to  do  upward  of  three  tons  per  24  hours,  and  that  they  could  take  any  kind 
of  ore,  but,  above  all,  it  proves  that  they  were  using  reverberatory  furnaces,  because  'sea 
coles  '  are  suitable  for  such  furnaces  and  not  for  blast  furnaces.  The  charcoal  was  probably 
mixed  with  the  coal  to  prevent  its  binding  too  strongly,  just  as  we  now  use  '  free '  ooaL 
The  charge  of  24  cwt.  was  curiously  enough  the  same  which  was  used  by  works  up  to  a  recent 
date.  Niy  object  in  ffiving  these  extracts  is  to  show,  not  alone  how  copper  smelting  com- 
menced in  South  Wiues,  which  is  of  great  local  interest,  but  also  how  the  South  Welsh  pro- 
"cess  of  copper  smelting,  which  may  be  said  to  be  at  this  moment  the  mling  process  ol  the 
world,  began.  '—Vivian  on  Copper  Smelting,  p.  13. 
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There  is  a  great  variety  of  ores  and  combinations  of  copper,  the  purest 
l>eing  the  native  copper  found  in  the  lake  Superior  mines  at  Houghton  ;  but 
the  copper  ofi  commerce  generally  occurs  in  combination  with  sulphur,  and, 
following  Vivian,  attention  may  be  exclusively  directed  here  to  the  smelting  varieties  of  ores. 
of  sulphide  of  copper  in  combination  with  sulphide  of  iron,  earthy  matters 
-and  "  every  known  and  unknown  metal  and  mineral  in  creation." 

Bj^  smelting  is  meant  fusion  of  the  ore  and  whatever  fluxes  may  be 
necessary,  when  the  copper  owing  to  higher  specific  gravity  separates  from 
the  slag  and  is  recovered  by  appropriate  means.  The  first  object  in  the  pro-  Treatment  of 
cess  must  be  to  lose  as  little  of  the  copper  as  possible  in  the  slag  and  to  make 
the  fusion  easy.  In  the  case  of  oxidised  oies  it  is  obtained  at  once  in  a 
metallic  condition,  somewhat  adulterated  with  sulphur,  iron  and  other  foreign 
substances,  and  requires  only  a  single  operation  or  at  most  two  to  bring  it 
into  merchantable  form.  But  when  it  occurs  with  sulphur  or  arsenic,  with 
an  excess  of  foreign  sulphides,  the  result  of  fusion  is  merely  concentrated  ore, 
freed  from  the  earthy  gangue.  It  is  the  first  business  of  the  copper  smelter 
to  consider  the  varying  nature  of  his  ores.  In  those  containing  large  quan- 
tities of  sulphide  of  iron  he  takes  care  to  roast  or  calcine  highly  in  order  to 
obtain  oxide  of  iron  to  flux  the  ores  and  produce  a  regulus  or  matte  suffici- 
ently rich  in  copper — his  standard  being  from  30  to  35  per  cent.  Whether 
the  process  is  carried  on  in  a  reverberatory  furnace,  a  muffle,  or  in  heaps,  the 
object  to  be  obtained  is  the  same  in  all  cases.  Of  the  merits  of  the  different 
systems  Vivian  says  :  "  The  most  ancient,  namely,  roasting  or  burning  in  j^^. 
heaps,  is  the  least  costly,  provided  the  copper  ore  is  sufficiently  rich  in  sul-  calcining. 
phur  or  bituminous  matter,  as  in  the  case  of  the  Mansfield  Kupferschiefer ; 
but  it  is  not  applicable  to  ores  poor  in  sulphur  and  in  any  case  it  is  very 
tedious,  occupying  weeks  or  even  months,  and  therefore  necessitating  enor- 
cnous  stocks  of  ore  in  comparison  with  the  quantity  treated.  The  hfouth 
Welsh  calciner  on  the  other  hand  is  rapid  in  its  action,  never  exceeding  36 
hours  and  for  ordinary  ores  12  hours,  while  the  quantity  treated  is  consider- 
able and  the  cost  of  fuel  and  wages  consequently  small.     Our  large  calciners  Reverberatory 

caicuiers. 

at  Hafod  treat  14  tons  each  charge,   the  time  of  course  depending  on  the 

nature  of  the  ore  we  are  operating  on."     These  calciners  are  reverberatory 

furnaces  28  feet  long  by  13  feet  wide,  inside,  with  a  small  fire-grate  at  one 

-end,  and  the  ore  is  spread  evenly  over  the  bed  of  the  furnace.     They  are 

simple  and  under  complete  control,  Vivian  says  ;  any  ore  can  be  treated  in 

them,  whether  containing  much  or  little  sulphur,  and  the  process  can  be 

arrested  at  or  pushed  to  any  point.     Where  it  is  intended  to  utilise  the  sul-  Manufacture  of 

phur  for  the  production  of  sulphuric  acid  three  kinds  of  calciners  are  used, '"  ^      o     a. 

viz.,  kilns  in  which  the  material  is  burnt  in  pieces  the  size  of  road  metal ; 

the  Gerstenhoffer  calciner,  in  which  it  is  burnt  as  powder,  and  the  muffle 

calciner,  which  is  worked  by  transmitted  heat. 

In  weighing  the  advantages  and  disadvantages  of  the  reverberatory  and 
blast  furnace  systems  of  smelting  the  calcined  ore.  Sir  H.  Vivian  says  the  blast  ^«  ^SThSSt 
furnace  is  slightly  more  economical  in  the  cost  of  fuel,  and  in  all  cases  it  (un»«einr«teina 
produces  a  cleaner  slag;  but  he  contends  that  its  working  is  much  more 
complicated,  and  through  its  tendency  to  reduce  the  oxide  of  iron  in  the  ore 
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into  metallic  form  it  is  liable  to  produce  a  mass  of  infusible  matter  at  the 
bottom  of  the  furnace,  which  causes  its  partial  or  entire  destruction.  A 
second  drawback  to  the  blast  furnace  is  that  it  can  only  treat  a  comparatively 
rough  mixture,  as  much  fine  ore  would  choke  it.  A  third  divad vantage  of 
the  blast  furnace  is  that  it  fails  to  produce  a  regulus  as  fine  and  rich  in 
copper  as  the  reverberatory  furnace,  which  means  that  more  expense  has  to 
be  incurred  in  the  subsequent  processes.  '*  The  reverberatory  furnace  is  a 
simple  and  easily  worked  furnace,  forming  no  metallic  bottoms  until  the 
cop|)er  stage  is  reached,  and  capable  of  dealing  with  all  ores,  as  XJlrick  Frosse 
found  out  three  hundred  years  ago.''  But  Sir  H.  Vivian's  knowledge  of  blast 
furnaces  was  limited  to  the  rectangular  and  round  brick  furnaces,  such  as  have 
commonly  been  used  in  Germany,  which  required  constant  repairs  and  atteup 
tion  to  prevent  burning  up  and  freezing  out  For  a  fair  comparison  of  the 
two  systems  the  improved  water-jacketed  blast  furnace  now  used  in  the 
United  States  and  Canada  should  be  taken  instead  ot  the  now  antiquated 
German  one.* 

At  Swansea,  as  Dr.  Peters  observes,  a  great  variety  of  ores  is  used^ 
brought  from  all  quarters  of  the  world,  differing  in  richness,  purity  and  other 
qualities — sulphide  ores,  oxides  and  carbonates.  Goal  is  cheap  also,  and 
rdfractory  material  is  obtainable  at  prices  far  below  American  rates.  At  the 
Swansea  works  also  there  is  a  body  of  skilful  workmen  who  have  grown  up 
at  the  furnaces,  and  who  at  very  low  rates  of  wages  are  capable  oi  executing 
all  difficult  operations  demanded  by  the  system  of  treatment.  There  is»  too^ 
a  market  where  every  variety  of  metal  brings  the  highest  justifiable  price. 
Under  American  conditions,  on  the  other  hand,  the  ore  usually  comes  from 
one  or  two  sources,  constant  in  its  composition  and  usually  in  large  quantities ; 
while  wages  are  high  and  fuel  and  refractory  material  is  expensive.  These 
conditions  however  have  shown  the  necessity  of  economy  of  labor  and 
material  ;  they  have  demanded  improvement  in  processes,  and  have  resulted 
in  perfecting  the  water-jacketed  cupola.  The  adaptation  of  the  principle  of 
water-cooling  to  copper  blast  furnaces.  Dr.  Peters  says,  may  be  hailed  as  the 
greatest  advance  in  the  treatment  of  that  metal  made  since  the  introduction 
of  the  English  method  of  refining  on  the  hearth  of  a  reverberatory  furnace. 
The  burning  out  and  freezing  up  of  the  the  furnace  from  the  half -fused  massea 
of  molten  fire-brick  have  with  its  employment  become  a  thing  of  the  past. 
Where  no  accident  occurs  nothing  compels  stoppage  of  the  furnace  excepting 
the  need  of  general  repairs  to  the  machinery,  cleansing  the  interior  of  the 
jacket  from  sediment  and  the  possible  choking  up  of  the  furnace  shaft  with 


says. 


'*  Since  blast  furnace  smelting  has  obtained  a  footing  in  the  United  States,"  Dr.  Peters 
,  '*it  has  become  so  changed  from  its  original  as  to  be  scarcely  recognisable,  and  aa  here 
used  by  the  more  advanced  metallurgists  can  challenge  competition  with  the  reverberatory 
under  most  circumstances,  and  where  the  conditions  are  at  all  favorable  can  show  results  far 
surpassing  the  best  Swansea  work  in  yield,  economy  and  capacity.  That  this  may  aeem 
novel  or  even  doubtful  to  English  smelters  is  quite  natural,  when  it  is  recollected  that  the 
full  extent  of  these  remarkable  advances  is  known  to  comparatively  few  metaUunnsts,  and 
that  very  little  relating  to  the  same  has  been  published.  It  is  with  the  modem  American 
form  of  the  German  copi)er  process  that  all  comparisons  must  be  instituted ;  and  this  com- 
prises not  only  a  great  improvement  in  the  processes  of  calcination  and  the  conatruoticHi  and 
management  of  blast  furnaces  used,  but  in  many  cases  the  employment  of  reverberatories  for 
certain  portions  of  the  matte  concentration,  while  the  process  of  refining  is  in  all  CMes 
carried  on  according  to  the  Swansea  method.  "—Modern  American  Methods  of  Oopp«r 
Smelting,  p.  171. 
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aocretioiiB  of  nilphides  of  sue  or  leftoL  irbich  occur  iTi  Tninnte  profvtrtioTut  in 
all  copper  ores.     The  mAtenal  cd  the  jacket  mnv  consist  of  onaat  iron.  wroncKt 
iron  or  mild  steel  ;  but  the  bruid  known  as  tire-box  iron  is  1<^»(  tiahle  to  »cit)e 
mnd  blister  by  heat,  and  is  €».pable  of  beitii;  lv>nt  without  m*<^kenin|;. 

Besides  its  excessive  weight   cast  iron  is  somewhst  ]i*l«le  to  cr>»ok  when 
exposed  to  extreme  flactaatioDS  of  t-emperAtur<^     \Vi»h   wron^ht    iron  th^ 
thickness  need  not  exceed  ordinair  boiler  piste,  and  tho   tendency  of  t^e 
inner  plate  to  weaken  owing  to  diderence  of  exi^i^sion  hos  IvH^n  oxerivme  by 
Tising  an  elongated  oval- shape  inst^ead  of  the  nvt^npilar— <a  moditioat-ion 
introduced  by  Herreshoff  of  New  York.     The  ordinary  Ma«t  in  cop|>er  smelt- 1^#  Wwrtifcoir 
ing  does  not  exceed  three-quarters  of  a  pound  per  sqnare  inch,  and  this  can- 
not penetrate  to  the  centre  of  a  charge  in  a  furnace  of  greater  diameter  than 
50  inches  where  half  the  charge  is  in  lump  form,  and  so  the  larg<v«t  Henx^hoff 
fomsce  is  only  48  inches  in  diameter.     The  width  of  the  water  spacft  hss 
been  diminished  little  by  little  until  even  two  inches  has  l>ecome  a  not  Mn«om< 
moD  standard,  and  the  constant  flow  of  water  into  and  out  of  it-  k<'opn  th<^ 
inner  plate  of  the  cupola  from  damage  by  the  excessive  heat  of  tho  molten 
nun  within.     The  cold  feed  of  water  is  generally  intnxiuot^d  near  the  middle 
<^  lower  portion  of  the  jacket,  and  doubtless  settles  to  the  lower  piirt  at  ont'O 
^lise  gradually  as  it  becomes  heated  and  escape  through  a  pipe  of  somewhat 
S'Oftter  diameter  than  the  inlet  pipe  from   the  upper  portion  of  the  jacket. 
If  tapped  in  such  a  way  that  the  escape  pipe  is  on  a  level   with   the 
extreme  upper  surface  it  prevents    the  accumuUtion   of  any  Ht«'aiit  which 
'''ight  form,  while  the  accumulation  of  sediment   introduced  in    tlie  water 
<^    be  easily  removed   through  the   hand-holes  provided  for  that  purpose. 
-^Q  furnace  jacket  is  also  supplied  with  a  drain-cock  to  emf)ty  it  when  itoi  in 
^'^t^  in  cold  weather  or  when  repairs  are  requin;d.     The  bottom    of  Mm 
fQrusice  is  a  foot  or  less  below  the  tuyeres,   from  which  the  entire  molten  inAMS 
•*^pes  through  a  narrow  groove  into  an  outside  crucible  or  well  in  wliidi  tlin  ^,^  ^^j  ^ 
B^^'te  separates  from  the  slag  and  is  tapped  into  moulds  or  poti,  wliiln  tlm  '"cv-HMrili 
''^  flows  from  a  spout  into  pots  arranged  on  wheels  for  convenient  dumpifig* 
'■^  ^9  this  transfer  of  the  cri^ible  from  the  inside  to  the  outside  of  tlin  f urnaon 
^^^  has  divested  cupola  work  of  most  of  its  terrors,  for   hy  this  moanN  the 
^^blesome  chilling  over  of  the  metal  in  the  crucible  and  tlie  frmpinnt  fr»ex- 
^%     over  of  the  tap-hole   are   avoided,    which  otherwise  would    rnske   the 
^'^ptying  of  the  furnace  impossible  without  groat  difnculty.*     With  the  old 
^^'^^xi  of  crucible  in  the  interior  of  the  furnace  the  cutting  out  of  a  chillm] 
^'^^aa,  which  sometimes  formed,  was  a  costly  and  tedious  ofieration^  comprising 
^n^  blowing  out  and  cooling  down   of  the   furnace,  whereas  if  the  ext/Tior 
^^U  becomes  unworkable  from  any  cause  it  can  f^e  disengaged  from  the  ffimaoe 
^Hd  another  put  into  its  place  in  twenty  minutes — the  stoppage  ttf  the  blast 
tor  so  short  a  time  causing  no  trouble  in  the  fnmace.     ft  is  by  such  im^/r^rve- 
l&enta  as  are  here  described  that  the  blast  furnace  hss  come   into  general 


***Thit  frK  weQ  oxd  ta  vmn^t^km  with  a  crff^p^  InrMr^  m  thn/t  fs^nnXtj  wm  fjfyvU  hf 
JjHMS  Doafi«u  ir-f  st  d«  PV«aizviIk  wovkui,  lo  IS^d.'— I>r.  PHtfr*' M/»4>ts  AmerkMa 
Methods.  »L  17>. 
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favor  for  the  smelting  of  copper  ore  in  America,  and  one  may  doubt  if  nnde^ 
the  most  favorable  conditions  the  reverberatory  farnace  sarpasses  it  i^ 
the  production  of  matte. 

THE    BBUCB    MINES    SMELTING     WOBKS. 

The  efforts  at  copper  smelting  at  Bruce  Mines  are  for  the  most  parb  ^ 
tradition.  The  books  of  the  company  were  destroyed  in  a  labor  riot,  itf 
the  annual  reports  are  not  accessible,  the  Geological  Survey  volumes  are  sUent  on 
the  enterprise ;  we  are  dependent  for  information  mainly  upon  personal  recol- 
lections, and  these  cannot  be  very  accurate  after  an  interval  of  a  quarter  of  a 
centur}',  especially  as  regards  details  and  statistics.  The  statements  in  the 
evidence  of  Messrs.  Borron,  Prout  and  Plummer  however  are  important  and 
valuable,  and  the  general  causes  of  the  failure  of  smelting  operations  at  the 
Bruce  and  Wellington  mines  are  no  doubt  correctly  stated.  The  cost  of  pro- 
duction could  not  fail  to  be  heavy  under  the  circumstances  of  time  &ud  place. 
Fuel  was  dear  owing  to  the  cost  of  freight,  for  the  lake  Superior  traf&o  had 
scarcely  begun  to  develop  even  when  the  works  closed  ;  the  rate  of  wages  for 
labor  ruled  high,  and  labor  itself  was  neither  very  efficient  nor  reliable  ;  and 
the  processes  adopted,  as  well  as  the  direction  of  the  works,  it  may  readily  be 
believed,  were  not  adapted  for  the  insuring  of  economic  production.  The 
testimony  of  Mr.  Borron  on  these  aspects  of  copper  smelting  at  Bruce  Minei 
may  furnish  a  useful  lesson  to  any  who  may  contemplate  the  establishing  of 
similar  works  there  or  at  any  other  point  in  the  northern  districts.  Bie 
Welsh  system  failed,  and  so  also  did  the  salt  process  tried  afterwards  at  the 
Wellington  mines ;  so  also,  it  is  almost  certain,  would  the  blast  furnace 
system  had  it  been  tried  with  the  old  fashioned  furnace  of  that  time. 

THE    8UDBUBT    SMELTING    WOBKS. 

The  smelting  works  of  the  Canadian  Copper  company  at  Sudbury  have  : 
been  set  up  under  the  direction  of  Dr.  Peters,  the  well  known  metallurgiit 
and  author,  to  whom  frequent  leference  has  already  been  made.  The  blait 
furnace  system  has  been  adopted  at  those  works,  and  the  ore  is  prepared  for 
smelting  by  being  roasted  in  large  heaps  in  the  open  air.  The  Copperclii{ 
the  Evans  and  the  Stobie  mines  furnish  the  supj^lies  of  ores,  and  although 
they  are  all  of  the  same  class  their  composition  varies  considerably.  Nine 
assays  of  raw  ore  taken  without  selection  from  these  mines,  made  by  Mr. 
Sperry  for  copper  and  nickel  in  November,  1888,  to  show  how  the  ore  ran 
in  the  mass,  gave  the  following  results  : 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Copper 

Nickel 

4.62 
1.16 

5.62 
1.13 

4.95 
3.26 

9.98 
1.12 

4.03 
4.21 

6.00 
3.30 

7.91 
1.60 

9.94 
2.76 

6.97 
8.00 

_ 

This  gives  an  average  of  6.44  per  cent,  of  cop|>er  and  2.38  per  cent,  of  nickel 
The  other  contents  of  the  ore  are  silica,  alumina,  lime,  magnesia,  iron  and 
aulphur,   and  as   mixed  for  the  furnace   they  are   found  to  be  in  suitaUe 
proportions  for  flux.    The  ore  is  run  through  crushers  at  the  Copper-cliff  mini 
and  is  graded  according  to  size,  after  which  it  is  loaded  on  cars  and  taken  over  an 
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^elevated  track  to  the  roasting  yard,  located  about  three  hundred  yards  from 
"the  smelting  furnace.  The  beds  of  the  yard  have  been  made  with  layers  The  rowting 
of  clay  and  gravel,  for  the  want  of  better  material,  and  shallow  drains  have 
been  cut  for  the  purpose  of  drawing  off  water  in  the  event  of  a  heavy  rain- 
fall during  the  roasting  operation.  About  thirty  beds  have  been  prepared 
in  this  way,  and  each  heap  when  finished  contains  from  400  to  600  tons  of 
ore.  In  building  a  heap  a  layer  of  fine  ore  is  spread  upon  the  bed  to  the 
depth  of  six  inches,  and  over  this  a  layer  of  wood  to  the  depth  of  eighteen  P  v^n|****P 
inches.  The  fuel  used  is  dry  pine — the  remains  of  an  extensive  forest  fire 
which  swept  over  this  country  some  fiften  years  ago.  It  is  laid  with  frequent 
openings  for  draughts  along  the  sides  and  ends,  while  sticks  are  set  on  end  at 
intervals  throughout  the  heap  to  serve  as  chimneys.  The  wood  is  covered 
with  coarse  ore  to  the  depth  of  two  or  three  feet,  and  this  in  turn  by  fines 
lo  prevent  a  too  rapid  combustion,  the  whole  when  completed  making  a 
pile  about  six  feet  high.  The  fire  is  set  to  kindling  material  in  the 
•draught  openings,  and  as  it  spreads  and  the  heat  increases  the  sulphur  of  the 
ore  adds  to  the  fuel,  sending  up  a  heavy,  yellowish  cloud  of  acrid  smoke. 
The  heap  burns  from  thirty  days  to  seven  weeks,  according  to  its  size  and 
the  quality  of  the  ore, — that  which  contains  the  largest  proportion  of  sulphur 
«nd  iron  requiring  the  longeist  time.  For  rapid  and  effective  roasting  the 
heaps  should  be  covered  to  keep  off  rain  or  snow ;  but  as  covering  of  any 
Icind  would  interfere  with  the  free  escape  of  the  smoke  this  is  not  desirable 
for  the  health  or  comfort  of  the  attendants,  as  at  the  best  a  roasting  yard 
is  as  unsavory  as  a  gehenna.  It  is  found  at  Sudbury  that  roasting  in  this 
way  is  done  satisfactorily  and  cheaply,  largely  reducing  the  percentage  of 
fiulphur  and  uniting  oxygen  with  the  iron,  so  that  the  ore  as  taken  from  the 
lieaps  is  self-fiuxing.  An  analysis  of  roasted  ore  made  in  December,  1888,  to 
-enable  the  furnace  manager  to  make  up  a  charge  for  smelting,  gave  5.40  per  OomposiUoii 
cent,  of  copper,  2.43  per  cent,  of  nickel,  7.92  per  cent,  of  sulphur,  25  per  on. 
•cent  of  iron,  lime,  magnesia,  etc.,  and  the  residue  chiefly  of  hornblende.  An 
•experienced  workman  knows  the  difference  in  the  quality  of  roasted  ores  at 
«ight,  and  is  able  to  mix  them  roughly  as  they  are  loaded  into  the  cars  at 
the  heaps  to  be  taken  to  the  smelter  and  dumped  into  separate  bins.  Here 
they  are  again  mixed  by  the  furnace  men  in  making  up  the  charge  so  as  to 
produce  the  quality  of  matte  required. 

The  furnace  set  up  at  the  works  was  manufactured  by  the  Jenckes  Machine 
company  of  Sherbrooke,  Quebec,  after  the  Herreshoff  patent.  It  is  nearly  jv  .  . 
elliptical  in  form,  having  a  longer  diameter  of  6  feet  6  inches  and  a  shorter  the  furnace, 
of  3  feet  3  inches  at  the  tuyeres,  increasing  in  size  upwards,  and  is  9  feet  in 
height  to  the  charging  door.  It  is  made  of  rolled  steel,  with  a  water  space  of 
two  inches  between  the  outer  and  inner  plates,  and  has  for  bottom  a  cast-iron 
plate  protected  with  fire-brick  — the  whole  resting  on  four  strong  iron  supports. 
A  light  dome  of  plate  steel,  brick-lined  in  the  crown  and  sides,  covers  the 
furnace ;  and  in  one  side  of  this  dome,  on  a  level  with  the  ore  bins,  is  the 
Eeed  door.  A  cross-flue  or  dust  chamber  connects  the  dome  with  the  chimney. 
rhe  well,  fore-hearth  or  settling  pot  is  made  of  double  plates  of  cast  ironr 
[laving  a  water  space  of  six  inches,  and  rests  upon  four  wheels  for  conveni- 
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ence  of  moving  it  whenever  repairs  are  necessary,  a  second  well  standing  read^ 
to  be  put  in  its  place.     A  square  opening  on  one  side  is  fitted  by  fire-clay  to  fc 
corresponding  opening  in  the  furnace,   through  which  the  molten  mass  flo^^ 
when  the  fiirnace  is  in  blast.     Ihe  blast  is  furnished  by  one  of  Baker's  rotai^< 
blowers,  and  enters  the  furnace  through  eleven  tuyeres  under  a  pressure  of 
to  10  ounces  per  square  inch.     A  charge  consists  of  1,800  to  2,000  lb.  of  0^^ 
and  coke,  mixed  in  the  proportion  by  weight  of  eight  of  the  former  to  one     ^ 
the  latter,  and  at  the  usual  speed  of  driving  the  furnace  it  smelts  120  tons     ^ 
ore  per  day,  sometimes  reaching  150  tons.     As  the  molten  mass  gathers     «| 
the  base  of  the  furnace  it  flows  through  the  discharge  hole  into  the  well,  wh^i^ 
the  heavier  or  metallic  portion  sinks  and  the  lighter  slag  rises  to  the  surface, 
to  flow  out  in  a  constant  stream  of  liquid  fire  at  the  slag-spout  and  be  rolJed 
in  the  pots  in  which  it  is  caught  to  the  waste  heap.      The  matte  is  drawn  at 
frequent  intervals  through  a  tap-hole  at  a  lower  level,  which  is  opened  with  t 
pointed  rod   of   iron    and    afterwards   closed    with    a    ball    of    fire-clay.* 
It    is    bright    and  sparkling    in  appearance  and  flows    very    freely,    but 
occasionally  shoots  out  like  the  discharge  of  a  Gatling  gun,  to  the  terror  ol 
the  fresh  onlooker^  and  mayhap  to  the  serious  hurt  of  one  or  more  of  the  htt- 
nace  men.    The  matte  is  allowed  to  cool  in  pots,  after  which  it  is  ready  ftr 
shipment  to  the  refining  works.     Its  composition  is  shown  by  the  following 
analyses,  the  first  of  which  was  made  by  Mr.  Sperry  on  the  22nd  of  FebruMy 
and  the  second  on  the  2nd  of  March,  1889  : 


Material. 

1. 

2. 

Avenge. 

'Copper 

iNickel 

percent. 
27.06 
14.44 
31.00 
26.90 
.27 
.92 

percent. 
26.76 
13.84 
31.47 
27.00 
.20 
.95 

percent. 
26.910 
14.140 
31.235 
26.950 
.235 
.935 

1 

'  Iron  

SiilDhur 

Cobalt 

Slae 

Totals 

100.59 

100.22 

100.405 

1 

Some  shipments  show  a  higher  analysis  and  some  a  lower,  but  Mr.  Spe^T 
Capwjity  of  the  states  that  the  two  given  above  are  fairly  representative  of  the  average  ran* 
The  furnace  was  blown  in  on  the  24th  of  December,  1888,  but  owing  to  • 
fault  in  the  construction  regular  work  was  not  commenced  until  Februtfy* 
1 889,  and  in  the  four  months  ending  with  May  the  total  product  of  !»•*** 
was  about  1,200  tons.  This  would  give  at  the  refinery,  on  the  basis  of  tb^ 
above  analysis,  320  tons  of  copper  and  170  tons  of  nickel.     A  second  funiK* 


furnace. 


Gompotitien  of 
Ihe  maUet . 


*The  matte  and  slag  taps,  it  should  be  stated,  are  water-jacketed  also,  esioh  beiB|JB^ 
by  its  own  pipe,  and  as  the  water  flowing  through  the  jackets  ne^er  rises  tothebuKitr 
point  little  injury  is  done  by  the  intense  heat  to  the  material  of  the  furnace,  well  or  tspjk 
Without  this  protection  a  steel  or  iron  furnace  would  no  doubt  require  repairs  as  freqnnuy 
as  the  old  fashioned  German  furnace  itself. 
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of  the  same  capacity  as  the  first  was  set  up  daring  the  summer  of  1889,  and 
"was  blown  in  on  the  4th  of  September.* 

No  works  for  the  refining  of  matte  have  yet  been  erected  in  Ontario,  but, 
with  the  promise  of  an  abundance  of  material  to  treat,  it  is  not  improbable  R«flniBf  worla. 
that  this  need  of  a  completed  industry  will  be  supplied.     The  process  is  diffi. 
cult,  tedious  and  costly,  and  this  is  an  additional  reason  for  its  being  carried 
on  at  home  instead  of  shipping  the  matte  to  New  Jersey,  Maryland  or  Wales 

ALLOTS     OF    NIOKBL    AND     STEEL. 

The  production  of  copper  and  nickel  in  Ontario  would  seem  to  be  lim- 
ited only  by  the  skill  and  enterprise  of  those  who  may  engage  in  the  industry. 
The  number  and  extent  of  ranges  already  located  give  promise  of  a  supply  J^j  Sd  •nWr?^ 
equal  to  any  demand  which  may  arise  for  many  years  to  come,  and  as  yet  only  P*^^* 
an  insignificant  area  of  the  formation  bearing  the  copper  and  nickel  ores  has 
been  explored.  Any  new  purpose  therefore  to  which  one  or  other  of  these 
metals  may  be  applied  possesses  great  interest  not  only  to  the  companies  en- 
gaged in  opening  and  working  the  mines  but  to  the  whole  province  also.  As 
regards  copper,  it  has  been  employed  in  the  arts  for  so  many  centuries  that 
we  should  be  surprised  were  even  modern  scientific  metallurgy  to  find  out  a 
new  application  of  it.  When  we  read  that  nearly  three  thousand  yeairs  ago 
the  treatment  of  alloys  of  copper  and  tin  had  reached  such  a  stage' of  perfec- 
tion that  founders  cunning  to  work  all  works  in  brass  were  able  to  cast 
pillars  31^  feet  in  length  and  21^  feet  in  circumference,  adorned  with  lily 
work,  and  a  bath  of  20,000  gallons  capacity  8|  feet  in  height  and  52^  feet  in  coppSrand 
circumference  set  upon  twelve  figures  of  oxen  cast  when  it  was  cast,t  we  may 
almost  despair  of  new  and  valuable  use  being  found  for  copper. 

But  nickel  is  a  modern  metal,  having  only  been  discovered  in  1751,  and 
nntil  recently  it  was  hardly  known  in  the  pure  state.  Some  specimens  of 
wrought  and  forged  nickel  were  shown  for  the  first  time  at  the  Philadelphia  -i^i^  « 
exhibition  of  1876  by  Mr.  Wharton  of  the  Camden  works,  but  they  attracted  ™**^* 
no  attention.  In  1878  those  specimens  were  sent  to  the  Paris  exhibition,  and 
there  as  in    Philadelphia  they  did  not  at  first  excite  any  surprise  or  receive 


*  Since  the  above  was  put  in  type  Mr.  H.  P.  Mcintosh  of  Cleveland,  the  secretary  of  the 
company,  has  furnished  the  following  particulars  of  smelting  operations  at  Sudbury  to  Slst 
December,  1889  :  **  Our  No.  1  furnace  was  blown  in  for  the  first  time  on  December  24th,  1888, 
and  ran  from  that  time  to  December  Slst,  1889,  259  days  of  24  hours,  using  31,268  tons  of  ore 
and  producing  therefrom  3,849  tons  of  matte  averaging  probably  about  18  per  cent,  copper  and 
13  per  cent,  nickel.  In  this  operation  there  were  consumed  3,950  tons  of  Connellsville  coke, 
costing  about  $6.60  per  ton  at  Sudbury.  Smelter  No.  2  started  September  4th,  1889,  and  ran 
73  days  from  that  period  t'^  December  31st,  using  9,740  tons  of  ore  and  producing  1,210  tons 
of  matte  averaging  probably  about  the  same  per  cent,  copper  and  nickel  as  No.  1.  This 
furnace  consumed  1,169  tons  of  coke.  Shipments  have  been  made  to  Philadelphia,  New 
York,  Swansea,  Liverpool  and  Hamburg.  Our  coke  is  shipped  by  boat  from  Cleveland  to 
Algoma  Mills  and  thence  over  the  Canadian  Pacific  railway  to  Sudbury."  The  shaft  at 
Copper-cliflf  mine  is  sunk  at  an  angle  of  45**.  On  the  31st  of  December,  1889,  it  had  reached 
A  oepth  of  602  feet,  and  the  width  of  the  ore  deposit  at  that  depth  was  65  feet. 

t  See  I  Kings  chap,  vi,  and  ii  Chronicles  chap,  iii  and  iv.  Brass  is  an  alloy  of  copper 
and   zinc    while  bronze  is  an  alloy  of  copper  and  tin,  and  as  zinc  does  not  appear  to 


would  have  to  be  melted  at  once,  not  probably  in  crucibles  but  m  a  cupola  or  reverberatorj 
f  umaee,  and  great  skill  would  be  reqmred  in  manipulating  so  heavy  a  casting.  It  is  also 
olear  that  the  art  of  moulding  was  well  understood.^  Tubal-Cain,  who  was  seventh  in  descent 
from  Adam,  was  an  instructor  of  every  artificer  and  the  forger  of  every  cutting  instrument 
of  braM  or  copper  and  iron.— Genesis  iv— 22,  R.  V. 
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any  special  attention.     "  Very  few  persons  realised  what  the  objects  rMDy 

were,"  W.  P.  Blake  wrote  in  the  volume  of  Mineral  Resouroes  of  the  United 

States  for  1883,   "  and  that  they  were  very  different  from  attay$  of  ni^eL 

Eihibitt  of        In  fact  very  few  chemists  had  ever  seen  nickel.     Pure  nickel  was  a  raritr,  k 

■p6Cim6D8  0f  •       I. 

pure  nickel  at     curiosity,  just  as  samples  of  indium  and  thallium  are  to-day.     It  was  not 

ftndParii.  strange  therefore  that  the  expert  chemists  and  metallurgists  of  Europe  on  the 

international  jury  showed  some  incredulity  and  surprise  when  whole  ingots 

and  forged  bars  of  metal  and  numerous  finished  articles  of  pure  wrought 

nickel  without  alloy  were  offered  for  their  inspection.''     This  notabk  id- 

vance,  Mr.  Blake  says,  prepared  the  way  for  greater  advances,  one  which  ho 

mentions  being  the  addition  of  a  small  quantity  of  magnesium .  to  the  chugo 

of  molten  metal  when  it  is  ready  to  be  poured.     With  the  addition  of  an 

ounce  of  magnesium  to  60  fi).    of  nickel,  the  metal  becomes  remarkably  toQ|(h 

and  malleable  and  may  be  drawn  into  wire  or  rolled  into  sheets  as  thin  aft 

u«iiltm*nt  of  the  pap^r.     Br.   Fleitman  of  Iserlohn,  Prussia,  has  also  succeeded  in  welding 

^bmui  and  new   g}^^^^  nickel  upon  iron  and  steel  plates  so  as  to  coat  them  equally  on  each 

face,  the  two  metals  being  so  nearly  the  same  in  their  physical  properties  thai 

they  work  well  together  and  adhere  tenaciously.* 

But  doubtless  the  most  important  discovery  6f  the  use  of  nickel  ii  ita 
Discoveries  of  alloy  with  Steel,  made  almost  simultaneously  by  Mr.  J.  E.  Hall  of  Sheffield, 
Marbeau.  England,  and  Mons.   Marbeau  of  France,  an  account  of  which  is  given  in 

the  Journal  of  the  Iron  and  Steel  Institute,  Xo.  1,  1889. 

A  number  of  experiments  of  alloys  of  nickel  and  iron  are  mentioned  hy 
Dr.  Percy,!  none  of  which  appear  to  have  been  very  satisfactory.     Horse^hoo 
nails  melted  by  Faraday  and  Stodart  with  3  per  cent,  of  nickel  gave  an  alloy 
that  was  quite  as  malleable  and  pleasant  to  wprk  under  the  hammer  m  pa^ 
Early  experi-      iron.     When  melted  with  10  per  cent,  of  nickel  the  alloy  was  less  malleable 
aii^  of  nickel,  and  more  disposed  to  crack  under  the  hammer  :  it  rusted  less  quickly  thai^ 
pure  iron,  whereas  the  same  quantity  alloyed  with  steel  accelerated  roatinS 
very  materially.     An  alloy  of  8.3  per  cent,  of  nickel  with  iron,  preparedly 
Berthier  by  the  reduction  of  the  mixed  oxides  of  both  metals  in  a  brasqaeo 
crucible,  was  semi-ductile,  very  tenacious  and   fine-grained,  but  somewh^^ 
scaly  in  fracture.     A  series  of  four  experiments  conducted  in  Dr.  Percy's  oWt> 


iron  and  steel. 


*'*  The  applications  in  the  arts  of  such  nickeled  iron  sheets  will  readily  snggeit  xYnesoMtire*' 
Up  to  thin  time  the  most  direct  uses  seem  to  be  in  making  hollow  ware,  particularlj  culiaa^ 
vBHAels.    The  manufacture  of  such  ware  has  already  begun  at  Schwarte  by  Dr.  Fleitman,  aS>^ 


comen  like  a  mirror,  and  will  antwer  the  purpose  of  one.  The  vessels  alreiMly  sent  to  tbi* 
country  as  samples  are  made  of  nickeled  iron,  and  nhow  the  facility  with  which  theoompooS" 
sheet  metal  may  be  stamped,  spun  up  and  polished.  This  ware  is  far  superior  to  tiiioed  iroB 
or  tinned  copper  for  cooking  in.    Experiments^  have  shown  that  it  is  not  poUonoot.   Jh^ 

nickel  is  not  on  1 J 

off  by  overheatini 

a  high  polish  and  ,  .  . 

vers  and  covers  for  the  table.  The  coating  of  nickel  applied  by  welding  ia  •troDpr  tta 
tougher  tiian  that  deix>eited  by  electrolysis,  and  appears  to  be  less  liable  to  scale  of.  Tbe 
electrically  deposited  metal  is  in  some  cases  very  orittle,  and  no  donl^  contain!  nfieifft 
hydrogen  to  Essentially  modifv  the  physical  characters  of  the  coating.  Tbia  new  appKfltttiBi 
of  nickel  constitutes  practically  a  new  industry  of  great  importance.  It  innrcanoi  tiM  eoi* 
sumption  of  nickel  and  will  stimulate  its  production,  and  by  nving  a  iteadv  demand  will  •» 
doubt  lead  to  a  more  uniform  and  constant  supply."— £.  P.  Blake  in  the  Mineral  RMonicd 
of  the  United  SUtes,  1888,  p.  420. 

t  Metallurgy  of  Iron  and  Steel,  p.  171. 
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ftboratory  with  1,  5,  20  and  50  per  cent,  of  nickel,  gave  varying  resnlta. 
rhe  nickel  was  practicaUy  pure,  the  iron  was  in  a  state  of  fine  wire,  fusion 
fis  effected  under  plate  glass  in  clay  crucibles  and  the  metals  appeared  to 
lUoy  perfectly  together.  (1 )  With  495  grains  iron  and  5  grains  nickel,  the  loss 
in  alloying  was  10  grains ;  and  when  cut  half  through  with  a  cold  chisel 
the  remainder  broke,  the  fracture  being  in  all  respects  similar  to  that  of 
;mre  iron.  (2)  With  285  grainb  of  iron  and  15  grains  of  nickel  the  loss  was 
10  grains ;  the  alloy  seemed  to  be  perfectly  made,  but  it  was  more  brittle 
than  Na  1  and  the  fracture  was  bright  and  finely  granular.  (3)  With  240 
grains  of  iron  and  60  of  nickel  the  loss  was  20  grains  ;  the  surface  was  smooth 
ind  free  from  scale,  differing  in  that  respect  from  1  and  2,  but  the  alloy  was 
brittle  and  on  cutting  across  with  a  chisel  it  broke  with  an  extremely  irre- 
gular fracturo.  (4)  With  200  grains  each  of  iron  and  nickel  the  loss  was 
20  grains ;  the  alloy  was  smooth  and  free  from  scale,  but  tarnished,  and 
while  it  flattened  sensibly  under  the  hammer  it  was  brittle ;  the  fracturo 
was  even,  uniform  and  finely  granular.  Alloys  of  iron  and  steel  with  nickel 
made  by  Wolf  of  Schweinfurth  and  examined  by  Liebig,  Percy  says,  had  the 
aspect  and  properties  of  genuine  Damascus  steel,  and  the  nickel  iron  aci^uired 
likewise  by  the  usual  process  a  magnificent  damask.* 

Those  experiments  wero  conducted  by  chemists  and  metallurgists  of  high 
lepntationjt  and  when  the  results  are  compared  with  others  obtained  within 
the  last  two  years  by  practical  men  of  unquestioned  skill  it  does  not  seem  pos- 
sible to  account  for  the  causes  of  failuro  on  one  side  and  of  success  on  the  other 
^thout  further  details  of  the  processes  than  the  rocords  afford. 

At  the  meeting  of  the  Iron  and  Steel  Institute  of  Oreat  Britain  in  May, 
1889,  a  paper  was  read  on  alloys  of  nickel  and  steel  by  Mr.  James  Riley, 
OMuiager  of  the  Glasgow  steel  works,  which  has  awakened  great  interest  menit'at^iE* 
ftn)nghout  Europe  and  America.  Some  months  beforo  Mr.  Riley  had  been  woST^  ****^ 
ssked  to  examine  specimens  of  manufactures  of  various  alloys  of  nickel  and 
^U  made  according  to  a  process  patented  by  Mons.  Marbeau  of  France. 
Rib  British  patents  obtained  for  these  manufactures,  Mr.  Riley  states,  had 
pfoviously  been  submitted  to  him,  but  their  consideration  had  not  caused  him 
^^eel  much  interest  in  them.  But  when  he  examined  the  products  them- 
Milves  his  interest  was  much  excited  and  ho  entered  on  a  course  of  investi- 
ptions  rogarding  the  alloys  which  was  still  in  progress  when  his  paper  was 
Si^en  to  the  Institute.  Some  time  after  the  conclusion  of  preliminary  tests 
ntde  upon  inficots  sent  for  treatment  and  examination  a  visit  to  the  works  in 
Ihoioe  was  arranged,  with  the  object  of  seeing  the  process  of  manufacture 
>&d  the  certainty  with  which  products  could  be  obtained  from  the  crucible. 
This  was  demonstrated,  Mr.  Riley  states,  to  his  entire  satisfaction,  the  compo- 
iitbn  of  the  casts  being  varied  at  will  and  the  qualities  and  properties  of  the 

metal  indicated  beforehand.     Afterwards  M.  Marbeau  visited  the  Olasgow 

^^ '  ^^^^^_^^^ 

*  W.  P.  Blake  in  U.  S.  Mineral  Resource*,  1883,  p.  416,  mentions  that  experimentt  bv 
BouMDiigaiilt  with  5,  10  and  15  per  cent,  of  nickel  added  to  iron  showed  that  the  alloy 
nmed  MM  freely  onder  water  as  steel  without  nickel. 

fThey  are  recorded  in  scientific  journals  and  metallurgical  works  dating  from  1890  to^ 
[061^  batffreai  advance  has  been  made  in  knowledge  of  the  properties  of  metals  in  the  past 
(oarter  of  a  century. 
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steel  works  and  charges  were  made  which  showed  that  the  composition  of  ^ 
metal  can  be  as  effectually  controlled  in  the  open  hearth  f  amace  as  in  -the 
crucible.* 

In  endeavoring  to  obtain  a  correct  idea  of  the  utility  of  the  alloys  of 
nickel,  iron  and  steel,  Mr.  Riley  made  a  careful  examination  of  their  be&t- 
MeohMicfti  teste  vior  under  tensile  and  other  mechanical  tests.     But  as  chemically  pure  iron  ii 

practically  unknown,  and  as  the  presence  of  very  minute  quantities  of  carbon,  . 
silicon,  sulphur,  phosphorus  etc.,  in  varying  proportions  produce  marked 
changes  in  the  qualities  of  iron,t  it  is  necessary  that  the  percentages  d  etch  \ 
should  remain  constant  in  order  to  estimate  correctly  the  influence  of  tbe 
addition  of  nickel.  Twelve  tests  with  varying  contents  of  nickel,  the  resolti 
of  which  are  reported  by  Mr.  Riley,  prove  how  necessary  it  is  to  know  all 
the  conditions  before  any  certain  conclusion  is  reached,  and  possibly  it  was  in 
this  particular  that  the  earlier  experiments  failed.  The  contents  of  nickel  in 
the  iron,  as  shown  by  the  records  of  Mr.  Riley's  tests,  varied  from  1  to 
49.4  per  cent.,  the  carbon  from  .22  to  .90  [>er  cent.,  and  the  manganeae 
from  .23  to  .85  per  cent.  With  2  per  cent,  nickel,  .90  per  cent  carbon 
and  .  50  per  cent,  manganese,  and  also  with  4  per  cent,  nickel,  .85  per 
cent,  carbon  and  .50  per  cent,  manganese,  the  alloys  were  too  hard  to 
machine  with  musket  steel,  but  they  made  a  fine  tool  when  tempered  at 
dull  red  in  boiling  water;  while  with  10  per  cent,  nickel  and  .50  percent. 
each  of  carbon  and  manganese  it  was  too  hard  to  machine,  but  made  a  good 
orSckei^on*^  cutting  tool  when  tempered  in  a  cold  air  blast.  This  extreme  hardnen  i» 
*^^^  stated  to  be  due  to  the  lar^e  quantity  of  carbon  present,   but  also  to  the 

presence  of  nickel  in  addition.  "  This  quality  of  hardness  obtains  ai  tha 
nickel  is  increased,"  Mr.  Riley  observes,  * 'until  about  20  per  cent,  is  reached, 
when  a  change  takes  place  and  successive  additions  of  nickel  tend  to  make 
the  steel  softer  and  more  ductile,  and  even  to  neutralise  the  influence  of 


*  « 


The  alloy  can  be  made  in  any  fi|;ood  open  hearth  furnace  working  at  a  fairly  good  Iw*^ 
The  charge  can  be  made  in  a8  short  a  time  as  an  ordinary  *  scrap '  charge  of  8teel-HMy  abo*^* 
seven  hours.     Its  working   demands  no  extraordinary  care,  in  fact  not  so  much  as  br^ 
quired  in  working  many  other  kinds  of  charges,  the  composition  of  the  resulting  iteel  boS*^ 
easily  and  definitely  controlled.     No  special  arrangements  are  required  for  casting.  theoKi'' 
nary  ladles  and  moulds  being  suthcient.     If  the  charge  is  properly  worked  nearly  all  tt^^ 
nickel  will  be  found  in  the  steel— almost  none  is  lost  in  the  slag,  being  in  this  reelect  widely 
different  from  charges  of  chrome  steel.  .  ^ 

*'The  steel  is  steady  in  the  mould,  it  is  more  fluid  and  thinner  than  ordinary  sled, 
sets  more  rapidly,  and  it  appears  to  be  thoroughly  homogeneous.  The  ingots  are  ckaa 
smooth  in  appearance  on  the  outside,  but  those  richest  in  nickel  are  a  little  more  'piped*! 
are  ing^ots  of  ordinary  mild  steeL  There  is  less  liquation  of  the  metalloids  in  tbeseinsoti,  ^^ 
that  liability  to  serious  troubles  from  this  cause  is  much  reduced.  Any  scrap  piodpoed  ^ 
the  subsecjuent  operations  of  hammering,  rolling,  shearing,  etc,  can  be  remelted  in  niski^^ 
another  charge  without  loss  of  nickeL  The  importance  of  this  fact  will  be  at  oncei^ipreciat^^ 
especially  by  users  of  articles  made  of  this  metal,  seeing  that  scraps  and  old  articles  willh^*^ 
a  value  for  romelting  in  proportion  to  their  contents  of  nickel. 

**  No  extraordinary  care  is  required  when  reheating  the  ignots  for  hammering  or  roUi^^ 
They  will  stand  ^uite  as  much  heat  as  ingots  having  equal  contents  of  carbon  but  bo  nkl&^j 
except  perhaps  in  the  case  of  steel  containing  over  26  per  cent,  of  nidkel,  whwi  the  I 
should  be  kept  a  little  lower  and  more  care  taken  in  forging. 

**  If  the  steel  has  been  properly  made  and  is  of  correct  composition  it  will  KMwmwr 
roll  well,  whether  it  contains  little  or  much  nickel ;  but  it  is  possible  to  make  it  olsneh  po''^ 
quality  in  other  respects  that  it  will  crack  badly  in  working,  as  is  the  case  with  otdiB9>T 
steeL— James  Riley  in  the  Journal  of  the  Iron  and  Steel  Institate,  No.  l,«188il.  pi  48. 

tSir  James  Kitson  states  that  ingot  iron  alloyed  with  sosmallaproportioD  of  ahuniiuQ' 
as  0.1  per  cent,  melts  at  a  comparatively  low  temperature,  is  verv  liquid  in  the  moHen  rtittk 
and  can  be  cast  into  solid  and  homog[eneous  objects  possessing  the  strength  of  wroqghtiioa* 
—Journal  of  the  Iron  and  Steel  Institute,  No.  1, 1889,  p.  25. 
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bon,     .     .     but  I  am  glad  to  be  able  to  state  that  before  the  region  of  extreme 
difficulty  of  machining  is  reached  we  have  qualities  of  nickel  steel  available 
which   will  be   of  the   utmost  value  for  a  very  large  number  of  purposes." 
With  25  per  cent,  nickel,  .27  per  cent,  carbon,  and  .85  per  cent,  manganese 
the  ductility  as  shown  by  the  extension  before  fracture  was  marvellous,  show- 
ing 40  percent,  in  eight  inches.     In   No.  6   test,  with  4.7  per  cent,  nickel i 
.22  per  cent,  carbon  and  .23  per  cent,   manganese,  the  addition  of  the  nickel 
raised  the  elastic  limit  from   16  up  to  28  tons,  and  the  breaking  strain  from 
•30   up  to   40.6  tons  when  annealed,  without  impairing  the  elongation  or 
<:ontraction  of  area  to  any  noticeable  extent.     Of  a  series  of  hardening  and 
tempering  tests  Mr.  Riley  says  :  "We  have  tested  pieces  up  to  87  tons  breaking 
strain  with  52  tons  elastic  limit  ;  but  there  is  a  piece  before  you,  furnished 
by  the  patentee,  which  was  tested  by  us  and  gave  b.s.  95.6  tons,  e.1.  54  tons, 
extension  in  four  inches  9.37  per  cent.,  contraction  of  area  49.2  per  cent. 
Two  similar  pieces  tested  by  Mr.  Kirkaldy  gave  b.s.   94.18  and  93.86  tons,  ToniontMta. 
•e.1.  52.01  and  53.92  tons,  extension  7.8  and  8.2  per  cent.,  and  contraction  of 
area  52.4  and  50  per  cent,  respectively."*     In  torsion  or  twisting  tests  the 
results  were  equally  satisfactory,  the  one  set  confirming  the  other  as   regards 
breaking  strain  and  elastic  limit,  while  the  number  of  twists  were  found  to 
correspond  closely  to  the  ductility  as  measured  by  extension  in  the  tensile 
tests.t 

The  whole  series  of  nickel  steels  up  to  50  per  cent,  were  found  by  Mr. 
Kiley  to  take  a  good  polish  and  finish,  the  richer  ones  having  a  lustrous 
appearance.  Up  to  5  per  cent,  nickel  it  was  found  that  the  alloys  could  be  S?n?cke?rtlML* 
machined  with  moderate  care,  while  the  poorer  ones  stood  punching  exceed- 
ingly well  both  as  rolled  and  after  annealing ;  the  punch-holes  can  be  put 
as  close  together  as  ^-inch  without  the  metals  showing  any  signs  of  cracking. 
As  to  the  welding  quality  however  this  was  found  to  deteriorate  with  each 
addition  of  nickel  above  one  per  cent.  *'  In  the  very  important  matter  of 
corrodibility,"  Mr.  Riley  stated,  <'it  is  with  the  greatest  satisfaction  I  can 
state  that  the  steels  rich  in  nickel  are  practically  non-corrodible,  and  that  Non-corrodiWe. 
those  poor  in  nickel  are  much  better  than  other  steels  in  this  respect.'' 
experiments  made  with  5  per  cent,  nickel  steel  as  compared  with  mild  steel 
of  .18  per  cent,  carbon  showed  corrosion  in  the  ratio  of  10  to  12,  and  as  com- 


*  The  breakinfif  weight  of  a  bar  of  iron  having  a  sectional  area  of  one  inch  when  hung  at 
one  end  is  given  by  Sir Xiowthian  Bell  at  6  to  14  tons  for  cast  iron,  20  to  30  tons  for  wrought 
iron  and  28  to  60  tons  for  steel.  Trials  at  the  Royal  Arsenal,  Woolwich,  recorded  by  Jeans, 
^ve  the  tensile  strength  of  Bessemer  iron  and  steel  to  the  square  inch  as  follows :  Iron  as 
<»Mt  and  unhammerea  (mean  of  5  trials)  18.41  tons  ;  hammered  or  rolled  (mean  of  5)  32.43 
tons  Steel  in  cast  and  unhammered  state  (mean  of  b)  28.13  tons ;  hammered  or  rolled  (mean 
of  7)  68.26  tons.  The  power  and  delicacy  of  testing  machines  is  shown  by  a  trial  of  the 
Emery  machine  at  the  Watertown  arsenal .  It  is  capable  of  exerting  a  stress  of  800,000  lb. 
and  of  testing  specimens  up  to  30  feet  in  leng^th.  Before  acceptance,  a  link  of  hard  iron 
five  inches  in  diameter  was  placed  in  the  machine  and  slowly  strained  in  tension  till  it  broke 
at  722,000  lb.  Without  any  adjustment  a  horse  hair  was  then  fixed  in  the  machine  and 
broken  at  an  indicated  stress  of  one  pound. — See  Journal  of  the  Iron  and  Steel  Institute,  No.  L 
1889,  p.  379. 

t  **This  alloy,"  Sir  James  Kitson  stated  in  his  address  as  president  of  the  Institute, 
'*  promises  to  be  of  great  commercial  value.  I  have  here  test  pieces  of  two  bars  which  were 
cut  out  of  a  10-ton  armor  plate  made  in  France.  The  pieces  were  forged  down  into  shape. 
They  contain  5  per  cent,  of  nickel  and  give  a  tensile  strain  of  90  tons  with  an  elongation 
of  8  per  cent,  it  is  claimed  that  with  5  per  cent,  of  nickel  there  is  almost  entire  freedom 
from  corrosion.  Nickel  steel  has  extreme  fluidity  and  is  very  sound."— Journal,  No.  1, 
1889,  p.  26. 

25  (M.  C.) 
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pared  with  steel  of  .40  carbon  and  1.6  chromium  a  ratio  of  10  to  15.  In 
the  case  of  25  per  cent,  nickel  these  ratios  were  as  10  to  870  and  10  to  1,16(> 
respectively.  These  results  were  obtained  by  immersion  of  the  sampki  m 
Abel's  corrosive  liquid,  and  afterwards  confirmed  by  immetBion  in  water 
acidified  by  hydrochloric  acid.''^ 

In  the  discussion  which  followed  the  reading  of  Mr.  Riley's  paper  it 

was  stated  by  Mr.  J.  E.  Hall  of  Sheffield,  also  a  manager  of  steel  worb, 

H&u^experi-      ^^^^^  y^^  y^^  heen  carrying  on  experiments  with  alloys  of  nickel  and  steel  foe 

about  two  years  and  had  taken  out  a  patent  for  his  invention«t     This  ib  for 


*  In  concluding  his  paper  Mr.  Riley  indicated  Bome  of  the  poasiUe  naes  to  which  tlM» 
alloys  may  he  applied  as  follows : 

**  It  requires  no  powerful  imagination  to  conjure  up  a  most  bewilderiiijp  number  of  impli- 
cations for  which  they  are  available.  I  find  some  difficulty  in  not  becoming  enthusiaiticoB 
the  pointj  for  in  the  wide  range  of  properties  or  qualities  possessed  by  these  alloys  it  nsOj 
seems  as  if  any  conceivable  demand  could  be  met  and  satisfied. 

**  Of  the  richer  allovs  I  do  not  intend  to  speak  at  any  length,  but  would  just  nmiik 
that  in  the  immense  field  covered  by  what  are  termed  the  *  Metal  Trades*  innumerable  appli- 
cations will  be  found  for  which  they  are  suitable.  Some  specimens  of  these  iq[>plicati€ni  in 
before  you. 

**(jf  the  25  per  cent,  nickel  steel  I  would  remark  that  with  its  peculiar  propertieiof 
high  b.s.,  fpeat  ductility  and  comparatively  low  e.  L  it  is  extremely  well  adapfera  foriU 
operations  involving  considerable  deformation — for  instuice,  for  deep  stamping  kdA.  flsngiDf 
— whilst  its  non-corrodibility  will  render  it  invaluable  for  a  great  number  of  purposes. 

'*This  quality  of  non-corrodibility,  considered  together  with  its  strength,  boui  elattieiBd 
ultimate  when  unannealed,  will  render  it  specially  useful  in  all  cases  where  the  cost  of  msbl 
is  of  minor  importance  when  contrasted  with  the  cost  of  labor  to  be  expended  upon  it,  or  its 
use  for  special  purposes :  illustrations  of  these  may  be  found  in  all  small  and  spedsl^fpB 
boilers,  in  locomotive  and  other  fire-boxes,  and  in  the  hulls  of  torpedo  and  other  nmnr 
vessels  where  lightness  and  strength  with  non-corrodibility  are  of  vital  importance. 

'*  In  the  region  between  25  per  cent,  and  say  6  i)er  cent,  nickel  we  have  an  abimdiDnaC 
possibilities  as  yet  comparatively  unknown,  in  which  I  expect  vnll  be  found  materiibfcr 
tool-steel  e(iual  if  not  superior  to  anything  at  present  known. 

"  But  it  is  when  we  get  to  the  alloys  of  5  per  cent,  and  under  that  I  feel  mett  intsRited* 
and  I  think  most  of  you  will  sjrmpathise  with  that  feeling. 

**  I  have  already  incidentally  referred  to  the  advantages  the  niarine  engineer  willobtaiD 
by  the  use  of  these  qualities  for  the  shafts  and  other  forgings  used  in  his  stracturea.    Iwoola 
now  point  to  the  suitability  of  these  lower  alloys  to  the  other  portions  of  his  work.    It  ii  veil 
known— it  has  been  frec^uently  stated  by  my  friend  Mr.  Parker  and  others— that  the  f^OB^ 
advances  in  marine  en^neering,  rendered  possible  by  the  use  of  high-pressed  ateam,  ooold 
not  have  been  efifected  if  it  had  not  been  that  a  metal  superior  to  wrought  iron  was  pat  it  tb' 
engineer's  disposal.    Conceive  then  of  the  possibilities  now  presented  when  a  meliJ  fik* 
No.  6  in  the  table  No.  1  is  at  his  disposal,  having  when  annealed  an  ultimate  strength  of  ^ 
per  cent,  and  elastic  limit  of  60  or  70  per  cent,  higher  than  those  of  mild  ste^  with  a  nesrJIy 
equal  ductility,  and  the  valuable  quality  added  of  less  liability  to  corrosion.    lie  may  at  0008 
greatly  reduce  his  scantlings  for  pressures  and  get  rid  of  many  difficulties  of  oonstmetiaar 
or  he  may  avail  himself  of  the  increased  strength  to  provide  for  still  higher  pressursi. 

**  It  will  also  be  seen  that  these  metals  are  e<q[ually  impK>rtatit  to  the  snipboilder  nH  to 
the  civil  engineer.  This  is  strongly  brought  out  in  considering  the  immense  Mivantagetobe 
derived  from  their  use  in  large  structures.  Think  for  a  moment  of  this  in  connection  vitb 
the  erection  of  the  Forth  brid^  or  of  the  Eiffel  tower.  If  the  engineers  of  those  itap<B- 
douB  structures  had  had  at  their  disposal  a  metal  of  40  tons  strength  and  98  torn  elaitk 
limit,  instead  of  SO  tons  strength  and  17  tons  elastic  limit  in  the  one  case  and  say  9  tool 
strength  and  14  to  16  tons  elastic  limit  in  the  other,  how  many  difficulties  would  havs  iMO 
reduced  in  magnitude  as  the  weight  of  materials  was  reduced ;  the  Forth  bridge  would  !>**' 
become  even  more  light  and  airy  and  the  tower  more  net-like  and  graceful  than  they  m  it 
present. 

"Then,  as  regards  the  requirements  of  the  military  engineer,  I  am  inclined  to^ite 
firmly  that  there  has  not  yet  been  placed  at  his  disposal  materials  so  well  adapted  to  hii  JRU" 
poses— whether  of  armor  or  of  armament — as  those  I  have  now  brought  under  your  d<>^^^ 

'*  In  what  may  be  called  their  natural  condition  these  alloys  have  many  propertieiwfaicu 
will  commend  them  for  these  purposes,  and  when  the  best  method  of  treatment  bv  bai<^ 
ing  or  tempering  has  been  amved  at  I  believe  that  their  qualities  for  armor  wUl  bs  vs0^ 
psSsed." 

t  Mr.  Hall's  provisional  specification  for  '  Improvements  in  Alloys  oontaining  IfOB  ttM^ 
Steel '  is  dated  March  5th,  1888,  and  the  complete  specification  on  the  6th  of  UecsBiber  V 
the  same  year.    Following  is  a  copy  of  the  complete  specification  : 

**  I,  tiohn  Francis  Hall  of  Noroury,  Sheffield,  in  the  county  of  York,  manager  d  it>^ 
works,  do  hereby  declare  the  nature  of  this  invention  and  in  what  manner  the  suneiitobt 
performed  to  be  particularly  described  and  ascertained  in  and  by  the  following  stateoMnt: 

**  This  invention  refers  to  the  manufacture  of  a  new  alloy  of  steel  or  iron  md  nifikd, 
having  for  its  object  to  produce  a  metal  or  alloy  combining  great  strength  with  toiighiisK» 
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the  use  of  nickel  in  steel  in  any  proportions  from  2^  to  50  per  cent,  and  Mr. 
Hall  has  carried  out  a  large  series  of  experiments  to  prove  its  value.  A 
gun-barrel  of  nickel  steel  was  tested  by  Messrs.  Holland  and  Holland  of 
!New  Bond  street,  London,  an  eminent  firm  of  gun-makers,  and  showed  sur- 
prising strength.  In  practice  three  drachms  of  powder  and  one  ounce  of 
shot  are  used  for  a  12-bore  gun,  but  in  tests  four  or  five  drachms  of  powder 
and  an  ounce  and  a  half  of  shot  are  used.  "  Nine  tests  in  all  were  carried 
out,''  Mr.  Hall  said,  "  the  ninth  test  contained  fifteen  drachms  of  powder, 
three  ounces  and  a  half  of  shot  and  double  wadding.  At  that  charge  the 
gun-barrel  burst,  but  it  did  not  burst  in  the  real  sense  of  the  word,  for  it 
was  merely  opened  and  laid  out  flat.  The  maker  of  that  gun,  who  had  pro- 
bably made  more  high-class  guns  than  any  other  person  living,  informed  the 
speaker  that  he  never  in  all  his  experience  had  seen  or  could  imagine  such  a 
piece  of  material."  Mr.  Hall  also  stated  that  in  one  of  his  experiments  he 
had  got  a  tensile  strain  of  97  tons,  with  an  elongation  of  a  little  over  7  per 
cent.* 

The  cost  of  nickel  was,  in  the  opinion  of  several  members  of  the  Insti- 
tute, a  serious  objection  to  its  extensive  use.  Sir  James  Kitson  however  2S^*aw'to' 
did  not  attach  any  importance  to  cost,  recalling  the  fact  that  when  steel  tires  °^ 
for  locomotives  were  first  extensively  introduced  into  Great  Britain  by  Krupp 
they  were  sold  in  the  market  at  £120  per  ton,  and  at  that  price  they  made 
their  way  against  Lowmoor  tires  of  one-third  the  price.  Therefore  he 
thought  that  a  metal  which  gave  a  tensile  strain  of  50  tons,  with  an  elonga- 
tion of  50  per  cent.,  was  sure  to  make  its  way  if  the  claims  which  Mr.  Riley 
had  made  were  justified  by  experience.! 

It  does  not  seem  likely  however  that  the  cost  of  nickel  will  long  stand 
at  50  cents  per  pound,  when  it  is  remembered  that  within  ten  years  of  the 


also  posseaaing  a  very  close  grain  or  textare,  thua  reDdering  it  capable  of  receiving  a  brilliant 
polisn. 

"  I  wish  it  to  be  understood  that  I  am  aware  that  steel  has  prior  to  this  my  invention 
been  treated  with  nickel,  but  only  in  very  small  proportions,  rarely  exceeding  one  per  cent, 
and  never  above  two  per  cent,  of  nickel  (as  a  matter  of  fact  one  per  cent,  may  be  taken  as 
the  full  extent  of  the  addition). 

**Now  my  present  invention,  the  results  of  research  and  experiments,  relates  to  the  pro- 
duction of  a  new  alloy  of  steel  or  of  melted  wrought  iron,  being  a  combination  of  either  of 
the  above-named  metals  with  a  proportion  of  nickel  which  may  vary  from  2^  per  cent,  to  50 
per  cent,  of  the  whole. 

**The  steel  may  contain  carbon,  silicon,  manganese,  chrome,  tungsten  or  any  of  the 
well-known  and  commonly  used  ingredients,  but  I  prefer  to  keep  the  said  materials  as  low  as 
possible,  although  in  some  cases  I  may  increase  the  carbon.  To  cany  out  the  invention  in 
manufacture  it  is  only  necessary  to  melt  the  iron  or  steel  by  the  Bessemer,  Siemens  or 
other  like  process  or  by  the  ordinary  crucible  process,  and  to  add  thereto  the  required  pro- 
portion of  the  ordinary  nickel  of  commerce.  The  resulting  product  may  either  be  cast  to  the 
desired  shape,  as  an  ordinary  casting,  or  as  an  ingot  it  may  be  forged,  rolled  or  otherwise 
manipulated  as  desired. 

'^  The  metallic  alloy  so  constituted  is  particularly  useful  and  valuable  in  the  manufacture 
of  cannon,  gim-barrels,  shot  and  shell,  armor  plates,  engravers'  plates  and  other  articles 
requiring  fi[reat  strength,  a  smooth  surface  or  a  nne  polish. 

'*  Having  now  particularly  described  and  ascertained  the  nature  of  my  said  invention 
and  in  what  maner  the  same  is  to  be  performed,  I  declare  that  what  I  claim  is :  A  metallic 
alloy  of  steel  or  iron  and  nickel  consisting  of  a  combination  of  either  of  the  first  two  named 
metals  with  a  proportion  of  nickel  varying  (as  required)  from  2^  per  cent,  to  60  per  cent,  of 
the  whole,  for  the  purpose  hereinbefore  specified." 

From  enquiry  made  at  Ottawa  it  does  not  appear  that  at  the  patent  office  there  any  patent 
has  been  applied  for  or  granted  for  inventions  of  alloys  of  nickel  and  steel  either  by  Mr.. 
Hall  or  Mons.  Marbeau. 

*  Journal  of  the  Iron  and  Steel  Institute,  No.  1, 1889,  pp.  67-8. 

t  lb.,  p.  71. 
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opening  of  the  New  Caledonia  mines  it  fell  to  that  figure  from  $2  per  poand 
and  that  five  years  before  the  opening  of  those  mines  the  selling  price  was 
$3.25  per  pound.  The  working  of  the  Ontario  mines  will  no  doubt  effect  a 
still  greater  reduction,  unless  the  demand  should  very  largely  increase  as  a 
result  of  the  discoveries  of  Messrs.  Hall  and  Marbeau.  Ten  blast  fnrnanoes, 
each  of  equal  capacity  with  the  ones  now  in  operation  at  Sudbury,  could  pro- 
duce 5,000  tons  of  nickel  per  annum,  and  from  the  known  extent  of  the  ore 
ranges  a  hundred  blast  furnaces  producing  50,000  tons  per  annum  are  not 
beyond  the  limit  of  a  possible  realisation.  And  having  nickel  ores  and  iron 
ores  in  great  abundance,  why  should  not  Ontario  aim  to  produce  the  world's 
supply  of  nickel  steel  ?  With  skill  and  enterprise  this  achievement  is 
possible. 

C.  J.  Pii'Hey — I  have  been  engaged  in  smelting  works  in  an  anthracite  furnace 
at  Pottsville,  Pennsylvania,  and  1  believe  it  would  be  possible  to  carry  on  smelting 
operations  successfully  at  our  own  mines  in  Haliburton  if  we  had  a  free  entrance  to 
the  United  States.  1  think  we  could  make  charcoal  inm  profitably,  but  anthracite 
iron  cannot  be  made  in  this  country  until  there  is  a  larger  market  for  pig  iron. 
Neither  is  the  market  large  enough  for  a  coke  furnace.  We  could  make  a  superior 
class  of  castings  from  our  iron,  and  we  could  make  our  own  charcoal  iron.  Our 
company  has  been  planning  a  30-ton  furnace.  We  were  advised  to  put  up  a  60-ton 
furnace,  but  after  making  very  full  enquiries  we  believe  that  a  furnace  of  that 
capacity  would  be  larger  than  our  market  would  warrant  Anthracite  and  coke 
iron  could  not  be  made  for  less  than  $14  or  $15  a  ton,  while  the  market  averages 
about  $18  a  ton,  and  that  would  not  leave  enough  margin.  With  charcoal  we 
could  make  our  iron  for  $3  or  $4  less,  and  have  a  better  market  for  that  iron,  and 
therefore  I  would  not  put  a  dollar  into  an  anthracite  or  coke  furnace  and  would 
not  advise  anyone  else  to  do  so.  It  is  a  recognised  principle  in  all  iron  manufac- 
turing countries  that  if  we  want  a  furnace  where  we  can  do  the  work  most 
economically  we  must  plant  it  where  we  can  place  the  raw  material  at  the  least 
cost.  In  Snowdon,  for  instance,  all  the  raw  material  is  near  at  hand  ;  if  the  fuel 
and  ore  had  to  be  transplanted  to  the  furnace  it  would  mean  so  much  more  added 
to  the  cost  of  production.  We  have  an  abundance  of  wood  iu  our  district  and 
could  produce  hardwood  charcoal  at  5^  cents  per  bushel,  or  perhaps  at  5  cents  with 
improved  kilns.  I  consider  that  it  would  take  about  100  or  110  bushels  of  hardwood 
charcoal  to  smelt  a  ton  of  pig  iron  in  a  30-ton  furnace.  Under  date  of  December 
6th,  1881,  Messrs.  Taws  &  Hartman  of  Philadelphia  furnished  the  following 
estimate  : 

We  have  selected  the  Howland,  Imperial  and  New  York  mines  for  ore  for  the  purpose, 
and  propose  using  one-third  of  each,  which  will  give  an  ore  mixture  of  59  per  cent,  of  iron. 
With  this  mixture  the  following  weights  and  materials  will  be  required  :  Ore,  4,000  lb. ; 
charcoal,  2,620  lb.  or  140  bushels ;  limestone,  177  lb.  We  estimate  the  cost  of  a  ton  of  iron 
as  follows  * 

4,000  lb.  of  ore  at  $1.00  per  ton f  1  80 

2,520  lb.  of  charcDal  at  6  cents  per  bushel  8  40 

177  tb.  of  limestone 10 

Labor  per  ton  of  iron,  including  office  expenses  and  superintendent's 

salary 2  50 

Repairs  and  taxes 1  00 

Total fI3  80 

Each  cord  of  wood  will  make  45  bushels  of  charcoal  and  the  wood  will  cost  $1.30  per 
cord  at  the  furnace.  You  will  require  twenty  charcoal  kilns  to  keep  up  a  steady  supply  of 
400,000  bushels  per  year.  These  will  cost  about  $500  each,  or  $10,000  in  all.  The  ooet  of 
the  furnace  we  estimate  as  followb :  One  cold  blast  furnace,  8  feet  bosh,  40  feet  high,  with 
hoist,  tackle  and  cast-house,  blowing  engine  and  pipes  complete,  $36,000.  Average  capaci^ 
of  furnace,  100  tons  per  week. 

1  believe  the  above  statement  is  equally  as  good  now  as  when  it  was  prepared. 
That  estimate  was  for  a  cold  blast  furnace  instead  of  a  hot  blast,  which  would  make  a 
reduction  of  81.50  to  82  per  ton.  A  hot  blast  would  increase  the  cost  of  the  plant 
of  a  dO-ton  furnace  by  about  820,000.  The  improvements  made  in  the  manner  of 
smelting  would  also  reduce  the  cost.     The  plant  complete  for  a  60-ton  furnace 
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would  cost  $135,000.     Mr.  J.  P.  Witherow  a  furnace  builder  of  Pittsburg,  Pennsyl- 
vania, gave  U8  an  estimate  in  1884,  and  his  figures  for  making  iron  as  furnished  to  wSSerow^o/'^" 
me  under  date  of  December  15  were  as  follows  :  Pittsburg. 

Dkar  Sir,— I  have  thoroughly  examined  your  letter  of  the  13th  instant,  wherein  you 
give  me  the  cost  of  your  ores,  limestone  and  cordwood  delivered  at  the  furnace  location, 
together  with  their  analyses,  and  find  that  upon  the  basis  of  the  prices  and  analyses  given 
you  can  manufacture  iron  at  the  following  cost : 

Howland  mine,  @  f  1.60 f  2  00 

33 

———  S  2  33 
80  bushels  charcoal  @  1.05 4  OO 

J  ton  limestone  @  $0.75 26 

Labor 2  00 

Salaries  and  incidental  expenses 50 

$9  08 
The  average  practice  of  charcoal  in  the  lake  Superior  region  is  as  follows :  The  average 
weight  of  a  cord  of  hardwood  is  3,000  lb.  The  yield  of  charcoal  when  built  in  open  kilns  on 
the  jf round  runs  from  23  to  27  per  cent.  A  safe  average  would  be  25  per  cent.,  making  750 
lb.  of  charcoal  from  a  cord  of  wood,  equal  to  37J  bushels  of  20  lb.  to  the  bushel.  TiiiB  is 
lower  than  the  general  average,  as  by  careful  work  45  bushels  of  charcoal  can  be  made  from 
a  cord  of  wood.  •  Yours  very  truly,  Jas.  P.  Withebow. 

The  above  is  the  estimate  for  a  furnace  of  60  tons  daily  capacity.     We  propose  ^??*'*^ 
now  to  construct  a  furnace  at  the  Imperial  mine,  using  equal  quantities  of  How-  ^  "*   ' 
land  and  Imperial  ores,  and  with  the  best  data  I  can  obtain  the  cost  of  production 
per  ton  would  be  as  follows  : 

5,600  lb.  of  ore $  2  31 

200  lb.  of  limestone   0  15 

100  bushels  of  charcoal  (1,800  lb.  at  5^.)  5  50 

Labor 2  60 

Repairs,  taxes,  etc 1  00 

$11  46 

This  estimate  is  based   upon  the  use  of  a  30-ton  hot  blast  furnace.     While  we 
have  not  a  sufliciency  of  wood  on  our  own  property  to  carry  on  the  furnace  work, 
we  can  get  plenty  of  it  from  the  settlers,  keeping  our  own  wood  to  use  in  case  of 
being  disappointed  in  the  delivery  of  fuel.     This  would  enable  the  settler  to  clear 
up  his  land  at  an  advantage.     Regarding  workmen,  I  may  say  that  the  supply  of 
skilled  workers  is  not  large  in  this  country  and  we  would  have  to  get  men  either 
from  the  United  States  or  from  the  old  country.     Skilled  labor  is  of  first  conse- 
quence, and  where  failures  have  occurred  in  smelting  works  it  will  be  found  that 
it  has  been  chiefly  due  to  the  absence  of  skilled  labor.     With  experienced  work-  The  value  of 
men  I  can  see  nothing  in  the  way  of  our  undertaking  the  manufacture  of  charcoal  skilled  workmen* 
iron  in  this  country.     The  markets  and  present  prices  are  satisfactory.     One-half 
of  our  product  ought  to  be  good  enough  for  wheel  iron  or  malleable  castings,  and 
the  remainder  would  be  suitable  for  foundry  or  milling  purposes.     At  present  a 
considerable  portion  of  our  ore  is  waste.     The  ore  of  the  Imperial  mine  is  too  poor  A  tomaoe  wouU 
to  ship,  but  with  the  construction  of  a  furnace  we  could  utilise  nearly  all  the  ore,  ^J^*®  *^*  ^**" 
shipping  the  high  grade  and  smelting  the  low  grade. 

F.  E.  Seymour — Personally  I  have  had  no  experience  in  mining  matters,  but 
my  father  was  engaged  in  the  smelting  of  iron.    He  came  to  Madoc  from  New  York 
state  in  1885  or  1836,  and  I  think  he  began  smelting  in  the  latter  part  of  1836  or  l^^^^''^ 
1837.  He  owned  the  Seymour  mine  on  lot  11  of  the  5th  of  Madoc,  about  five  miles  Madoc 
north  from  the  village.     He  worked  the  property  for  about  five  years  ;  the  ore  was 
a  black  magnetite.     The  furnace  did  not  run  steadily   and  I  cannot  say  how  many 
men  were  employed.     It  was  a  charcoal  furnace,  ancl  the  works  were  erected  in  the 
village  of  Madoc  in  1836  as  I  believe.    The  charcoal  was  made  from  elm,  maple  and 
beech.     I  cinnot  give  the  quantity  of  ore  smelted   or  the  quantity  of  charcoal 
required  for  a  ton  of  ore.     I  think  the  iron  was  at  once  manufactured  into  imple- 
ments,  plows,   potash  kettles  and  such  other  things  as  were   then  required  by  *^*'^*' 
settlers.    My  father  had  a  foundry  as  well  as  the  furnace,  and  they  began  the  manu- 
facture of  those  articles  at  once.     There  were  several  tests  or  experiments  made 
with  the   ore,   as  it  required   dififerent   treatment  to  that   of  ores  he  had  been 
accustomed  to  in  York  state  ;   it  contained  neither  phosphorus  nor  sulphur.     I  Experiments  In 
think  smelting  went  on  till  1844  or  1845.     The  experiments  were  very  expensive,  smelting. 
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but  I  think  the  real  cause  of  the  stoppage  was  a  law  suit,  together  with  the  sodden 
drop  in  the  price  of  iron.  My  father  produced  very  good  metal  and  he  said  it  wh 
a  very  good  ore  to  work  when  he  got  the  proper  flux.  He  mixed  no  otiier  oie  with 
it  at  all,  but  put  loam  with  the  flux,  and  this  he  considered  to  be  the  secret  of  hii 
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Joseph  Bawden — No  attempt  has  been  made  to  smelt  iron  ore  upon  the  jiid- 
perties  north  of  Kingston,  but  I  think  it  could  be  undertaken  suobeasfolly.   I  think 
the  opening  up  of  the  iron  making  industry  lies  in  the  direction  of  using  watery  en- 
riched by  waste  timber  produce  from  the  lumber  rep^on.  Smelting  might  oe  sncoewally 
entered  upon  at  some  milling  point  where  there  is  a  large  quantity  of  waste  mstenaL 
At  the  point  where  the  Kingston  and  Pembroke  railway  crosses  the  Missisaippi  there 
is  an  unlimited  water  power,  and  there  is  an  immense  quantity  of  whatiinov 
looked  upon  as  waste  material  that  would  answer  for  the  purpose  of  manofMStoring 
charcoal  and  carbonising  water-gas,  and  thus  give  us  means  of  making  inn  ii 
cheaply  as  at  any  other  place  in  the  world.     The  use  of  sawmill  refuse  for  smelting 
iron  from  the  ore  has  been  carried  on  in  Sweden.     I  do  not  know  that  it  hat  been 
used  in  connection  with  water-gas,  but  it  has  been  for  making  charcoal.   Thewate^ 
gas  would  have  to  be  made  as  a  second  product  in  the  manufacture  of  gas  from  0(d[e^ 
It  is  made  by  injecting  steam  over  the  coke  undeiigoing  combustion,  and  then  it  ii 
enriched  either  by  the  use  of  petroleum  or  gas  made  from  the  waste  prodncti  of  the 
mills.     I  understand  that  Nova  Scotia  slack  coal  has  been  landed  here  at  IS.75  a 
ton  this  year,  and  American  coal  at  $8.36,  including  duty  I  think.   The  duty  woidd 
be  to  that  extent  against  the  use  of  American  coal.     I  do  not  think  that  legialatifli 
can  do  anything  to  help  the  iron  industry,  but  I  think  we  might  import  the  akiHed 
knowledge  which  we  have  not  got  here.     If  we  had  the  aid  of  experts  aoqnainted 
with  similar  mineral-bearing  formations  in  Europe  where  there  are  similar  condi- 
tions to  deal  with,  as  for  instance  in  Sweden  and  Norway,  it  would  be  of  the 
greatest  advantage  to  us.     I  think  that  works  could  be  established  at  some  miDiog 
centre  where  charcoal  could  be  manufactured  out  of  the  refuse  and  used  in  the 
smelting.    Charcoal  pig  iron,  cold  blast,  commands  the  best  price  and  there  is  alvaji 
a  steady  demand  for  such  iron  if  of  high  class.    The  tariff  is  no  barrier  againit  \aA 
class  iron,  and  we  could  make  the  best  of  iron  in  this  country.     Such  an  estsUiio- 
ment  should  have  a  furnace  of  15  or  20  tons  a  day.     There  should  be  a  foimdiy 
for  iron  from  ore  not  suitable  for  first  class  pig.     The  open  hearth  system  ooaU  he 
used  for  scrap  iron  in  connection  with  the  ore,  and  to  operate  that  we  could  have  the 
gas  from  the  refuse  not  made  into  charcoal.     I  think  the  prospecta  of  profit  fscm 
such  an  establishment  are  very  good.     Some  years  ago  some  of  us  here 
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the  cost  of  smelting  with  coal,  but  my  opinion  is  that  we  could  not  enter  upon  the 
smelting  of  iron  at  Kingston  with  American  or  Nova  Scotian  coal  with  eoonomy*  ^ 
do  not  think  that  even  if  we  had  the  American  tariff  it  could  be  done  hers.   ^* 
can  ship  ore  cheaper  from  here  than  it  can  be  shipped  from  the  lake  SvpofVf 
region  ;  the  difference  is  about  75  cents  a  ton  in  our  favor.   My  opinion  is  that  not- 
withstanding protection  I  do  not  think  we  could  econmically  smelt  iron  ore  in  King- 
ston.   My  interest  would  lead  me  to  wish  a  different  conclusion  yerv  strongly.   I  ^ 
referring  however  simply  to  smelting.     I  do  not  think  it  would  be  impoasiblie  to 
manufacture  iron  by  the  open  hearth  process  even  without  the  aid  of  the  taiif  i 
much  more  with  the  aid  of  the  tariff.     But  the  whole  question  of  the  proper 
development  of  iron  manufacturing  in  this  country  should  not  turn  simply  npon 
either  smelting  ore  or  making  steel  by  the   open  hearth  process.      We  sh(MiU 
endeavor  to  establish  the  industry  in  all  its  various  branches  as  well  as  smelting- 
One  of  the  principal  factors  in  iron  making  is  power  to  crush  the  refractory  or^ 
cheaply,  to  separate  them  from  certain  impurities  that  yield  to  certain  prooeaae^ 
etc.     Power  is  also  an  element  in  the  preparation  of  wood  fuel,  and  is  a  valoahl^ 
factor  in  working  a  rolling  mill.     In  the  region  crossed  by  the  Canadian  Pacific 
railway  are  the  great  water  powers  of  the  Mississippi  and  the  Madawaska  rivers 
which  could  bo  used  as  I  suggest.     The  government  should  secularise  the  power  ^ 
thuse  rivers.     Tlieir  navigation  could  be  improved  so  as  to  make  them  useful  f^ 
bringing  ores  down  as  well  as  fuel.     When  the  rivers  are  dammed  and  the  poff^^ 
created,  the  manufacturing  rights  could  be  leased  oh  favorable  terms  to  any  ^^ 
desire  to  enter  upon  the  manufacturing  of  iron.     We  understand  something  htf^ 
about  the  preparation  of  charcoal,  having  paid  $40,000  for  our  lesson,  and  we  found 
out  that  we  could  not  make  charcoal  by  the  process  we  had  at  a  price  to  enable  0 
to  make  iron.     Tlie  cause  of  failure  was   perhaps   more  to  1)0  attributed  to  the  wif 
the  works  were  laid  out  than  anything  else.     They  were  not  so  laid  out  that  the 
foreman  could  have  them  all  under  his  eye  and  watch  the  working  properly.   I 
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^ink  the  bye-products  should  be  a  source  of  profit.  When  we  started  to  work  the 
-acetate  of  lime  was  four  cents  a  pound  ;  it  then  fell  to  three-quarters  of  a  cent  a 
pound,  and  of  course  at  that  price  it  could  not  be  made  at  a  profit.  Had  we  put  in  a 
plant  for  the  manufacture  of  acetic  acid  we  would  possibly  have  been  successful. 
The  profit  on  the  manufacture  of  wood  spirit  is  considerable  and  would  have  been 
.a. large  source  of  revenue  bad  the  works  been  otherwise  economically  managed. 
Cordwood  was  $2.50  and  one  cord  gave  64  bushels  of  charcoal.  We  cut  our  own 
wood  and  it  cost  us  more  than  that ;  we  could  have  bought  it  a  good  deal  cheaper. 
We  could  make  charcoal  cheaper  by  the  retort  process  ;  we  could  make  it  now*I 
think  at  seven  cents  a  bushel.  As  far  as  the  quality  of  the  charcoal  was  concerned 
we  turned  out  an  excellent  article,  and  it  was  pronounced  by  the  Locomotive  com- 
pany the  best  they  got  anywhere.  If  we  coula  make  the  charcoal  at  seven  cents  a 
bushel  we  could  smelt  and  make  money.  By  a  proper  system  the  bye-products 
could  be  largely  made  to  pay  for  the  process  of  manufacture,  and  perhaps  leave  the 
charcoal  free  of  cost,  or  nearly  so.  In  the  state  of  Wisconsin  it  is  manufactured 
and  taken  a  long  distance  for  use  in  iron  works.  At  Binghampton  the  retort  pro- 
cess is  used  for  making  wood  spirit  and  acetate  of  lime,  and  the  charcoal  is  sold  for  ciutrooal  from 
local  consumption  as  fuel.  I  believe  charcoal  could  be  made  on  the  Madawaska  mill  refuso. 
and  Mississippi  in  large  quantities.  What  mill  refuse  was  not  used  in  the  manu- 
facture of  the  charcoal  could  be  utilised  for  enriching  water  gas  for  use  in  the  open 
hearth  process  and  roasting  the  more  refractory  ores.  A  Pittsburg  gentleman  told 
me  that  water-gas  could  be  made  at  three  cents  a  thousand  feet ;  you  can  enrich  it 
either  with  gas  made  from  wood  or  with  coal  gas.  We  might  use  Nova  Scotia  coal 
for  making  coke  and  for  gas  to  be  used  in  enriching  the  water-gas  for  roasting  our 
refractory  ores,  and  for  use  in  the  open  hearth  process  if  free  from  sulphur.  A  good 
hard  charcoal  is  required  for  smelting.  For  the  finery  fire  a  soft  charcoal  is  better.  9j*??**  *°  *^® 
'Patents  have  been  taken  out  for  smelting  with  gas,  but  I  do  not  know  that  they  iwoo««. 

are  in  successful  use.     In  what  are  called  the  direct  processes  for  reducing  the  ore, 
gas  fuel  is  used  altogether,  and  these  processes  in  point  of  economy  are  superseding 
all  other  means  of  economically  manufacturing  rich  magnetic  ores  like  ours.     Pre- 
paration of  the  ore  by    roasting  for  desulphurising  and  making  it    *'  kindly '  or 
"*  mellow '   is  essential  to  the  successful  treatment  of  this  ore  by  the  open  hearth 
process.     It  is  best  to  use  the  natural  resources  of  the  country  where  they  are  of  a 
permanent  nature,  or  where  they  can  be  made  so  by  wise  legislation  ;   this  I  look  (jmj,|Qg  the 
upon  as  better  than  any  tariff,  which  is  purely  artificial.     The  best  thing  to  do  is  to  natural 
«top  the  region  watered  by  the  Mississippi  and  Madawaska  from  being  a  free  grant  '•"^'J^f"  ^  **** 
^Listrict.    'fiie  land  is  poor  and  all  the  timber  is  being  burnt  oflf  it.    That  should  be  ^**°*'y' 
istopped  once  it  is  shown  that  the  iron  industry  can  be  successfully  carried  on,  rely- 
ing on  the  natural  resources  of  the  country.    We  should  learn  by  the  experience  of 
other  countries,  and  copy  the  system  that  has  been  found  to  work  well  in  Norway, 
Sweden  and  Austria.   In  exporting,  nothing  but  the  best  ore  is  taken,  nothing  less  ^^^  ^       i^ 
than  50  to  60  per  cent. ,  and  a  great  quanti^  of  ore  is  therefore  thrown  into  the  exporting, 
refuse  heap      It  has  been  found  in  some  instances  that  the  refuse  matter  will 
average  80  per  cent.  iron.   If  there  were  works  in  the  neighborhood  of  the  mine  all 
this  refuse  might  b  3  saved,  and  we  require  cheap  as  well  as  high  priced  iron. 

B.  W.  Folger — I  do  not  think  smelting  could  be  profitably  carried  on  in  the 
oneighborhood  of  the  mines.     Canada  is  not  big  enough  to  take  the  output  of  a  A  higher  duty 
furnace,  and  the  duty  is  just  high  enough  so  that  it  would  come  in  anyway.     If  the  "J^jjj^  ^^ 
duty  were  higher  they  could  make  it.     I  think  it  should  be  ^2  higher  ;  if  we  had  smelting  of  ooke 
that  much  higher  du^  then  iron  could  be  manufactured  here.     I  am  referring  to  iron, 
getting  the  coke  from  the  States.     I  do  not  think  it  could  be  carried  on  at  all  arid 
get  the  coal  from  Nova  Scotia.     If  there  was  a  bonus  of  $1  or  ^1.50  a  ton  more  it 
'Could  be  done.     I  never  made  an  estimate  as  to  the  price  of  making  pig  iron,  but  ^^^  ^^  prodao- 
the  Eongston  and  Pembroke  Mining  company  figured  it  out.     They  were  figuring  ing  coke  iron, 
on  getting  the  coke  from  the  States,  and  it  was  estimated  that  the  iron  would  cost 
about  $17  a  ton — from  $15  to  817.     If  the  bonus  is  raised  by  $1.50  or  $2  a  ton  I 
will  start  a  furnace  here  in  less  than  six  months  ;  of  course  there  would  have  to  be 
a  guarantee  against  the  lowering  of  the  bonus  or  the  duty  for  a  number  of  years. 
American  pig  iron  sells  all  the  way  from  816  up  to  822  according  to  quality.  There  Selling  price  o< 
was  some  made  last  year  that  sold  at  815  a  ton,  but  that  was  poor  iron  from  poor  ore.  American  pig 
The  American  duty  is  87  a  ton  on  iron  and  814  a  ton  on  steel  rails.     We  cannot  ^^ 
make  it  as  cheaply  here  as  they  do  in  the  States.     A  bonus  would  be  better  than  an  A  bonus  better 
extra  duty  to  encourage  the  iron  business  here.     I  think  if  the  Ontario  govern-  ****"  •  **'^  *"• 
ment  had  given  a  bonus  a  few  years  ago  there  would  have  been  thousands  of  tons 
made  in  Canada,  and  there  would  have  been  thousands  of  tons  mined  where  now 
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there  is  not  one  ton.     If  the  Ontario  govemmeut  would  give  a  boniiB  equal  to        _ 
offered  by  the  Dominion  government  a  furnace  would  be  started  even  if  the  <^tr^ 
were  not  raised,  rolling  mills  and  other  factories  would  follow,  and  thouaand^  ^ 
people  would  be  employed.     It  would  facilitate  the  manufacture  of  many  artioi^ 
that  are  imported  now,  and  I  think  it  would  make  iron  cheaper  in  the  ooorae  d 
time.     If  we  could  smelt  ore  here  we  would  have  the  market  of  thia  oount^,  ^ 
that  is  a  great  deal ;  besides,  a  great  amount  of  ore  would  be  shipped  to  the  alitkUL 
We  could  have  sold  50,000  tons  from  the  Wilbur  mine  if  we  had  it  this  year.   I 
do  not  know  of  anything  that  would  help  more  to  develop  the  mines  of  Ontirb 
than  the  starting  of  a  blast  furnace  at  some  place  between  here  and  Toronto ;  and 
A  imeiting         J  m^y  gay  that  I  think  it  can  be  manufacture  at  Belleville  or  here  a  dollar  a  tea 
promote  mining  cheaper  than  in  Toronto.     I  think  it  would  do  a  great  deal  of  good  also  if  the 
operations.  Ontario  government  gave  a  small  bonus  on  getting  out  hematite  ore.     If  smelting 

works  were  started  there  would  be  no  difficulty  in  getting  a  sufficient  quantity  i 
ore.  The  miner  should  receive  some  help  to  get  what  there  is  under  the  eutL 
The  lumberman  can  see  what  he  is  going  to  get  for  his  money  and  labor,  yethebat 
^  for  the  been  helped.  Money  has  been  spent  by  the  government  to  improve  the  stresmi  for 
his  use.     A  bonus  to  start  a  furnace  would  create  a  great  industry. 

William  liatiU — I  live  at  Cleveland,  Ohio,  and  by  profession  I  am  a  mining 
engineer  and  analytical  chemist.     All  the  iron  deposits  that  I  have  examined  in  the 
region  north  of  Kingston  dip  to  the  south-east,  and  the  strike  is  north-east  andwrath- 
Close  irrained      wcst.     The  sulphur  in  some  cases  in  Lanark  county  occurs  all  through  the  num, 
ores  containing:   which  is  SO  close  gniiued  that  the  gases  cannot  escape.     In  Norway  the  ores  aw  of 
tofiecn^ed"  *  spongy  nature,  and  the  sulphur  occurs  in  cubes  in  the  spongy  mass  ;  theanlphnr 
is  therefore  enabled  to  escape.     The  ore  on  the  Levant  property  is  badly  mixed  aD 
the  way  through.     It  could  be  calcined  if  put  through  a  crusher,  but  that  would  be 
necessary.    In  the  district  I  visited  i  do  not  believe  there  is  any  sulphur  in  theOTes. 
I  believe  yuu  have  a  magnificent  outlook  for  iron.     I  am  of  opinion  that  where  tbe 
limest<ine  predominates  the  sulphur  and  titanium  disappear,  but  where  depontiare 
strong  in  iron  there  is  apt  to  be  sulphur,  titanium  and  phosphorus.     I  hare  ben 
intimately  connected  with  the  smelting  of  iron  since  1872.     I  think  these  Ontirio 
ores  would  be  easy  to  smelt,  as  much  so  as  our  ores  from  lake  Superior.    For  the 
smelting  of  ores  here  I  think  the  best  place  to  bring  fuel  from  would  be  the  Con- 
nellsville  district  of  Pennsylvania.     There  is  ample  flux  in  the  immediate  viein^> 
I  think  you  have  ample  supplies  of  ores  here  to  make  the  best  quality  of  steel  nih) 
and  in  sufficient  (quantities  to  warrant  the  starting  of  a  blast  furnace.    A  fninace 
with  a  capacity  of  100  tons  a  day  would  be  about  the  most  profitable  ;  I  mean  one 
that  would  produce  100  tons  of  pig  iron  a  day.     It  should  have  all  the  modem 
CkMt  of  smelting  improvements.     A  furnace  which  I  built  at  St.  Louis  of  that  capacity  cost  9135,000 
plant  completed  ;  that  gave  us  $15,000  capital  over  and  above  the  cost  of  the  furoace. 

The  cost  of  the  furnace  was  really  $120,000.  You  would  have  to  import  coke  and 
fire  brick  ;  that  is  about  all  you  would  require  to  import,  and  you  would  requii* 
about  $26,000  fur  fire  brick.  Our  limestone  in  St.  Louis  for  flux  costs  60  cents  a 
Um  ;  in  Ohio  it  costs  80  cents  a  ton.  It  is  poor  work  when  we  use  over  30  per 
producinRpig  cent,  flux;  that  reduces  the  cost  per  ton  to  25  cents.  The  ores  here  cariT  liiB^ 
won,  largely,  and  1  do  not  think  you  would  require  very  much  flux  ;  those  that  I  h*^* 

examined  c;irry  from  5  to  8  per  cent.  lime.  You  would  therefore  not  have  to  me 
as  much  flux  as  we  do  in  the  States,  where  the  ores  do  not  carry  any  lime.  All  the 
soft  hematite  ores  should  carry  a  great  deal  of  lime,  as  they  are  in  the  lime  bed. 
At  the  present  rate  of  freight  coke  would  cost  you  about  $5.60  laid  down  at  King- 
ston, that  is  with  the  duty.  With  improved  stoves  you  would  only  use  a  ton  <» 
fuel  to  a  ton  of  metal.  Then  put  the  cost  of  ore  at  the  rate  of  $4  for  a  ton  of  pi^i 
labor  $1  a  ton,  wear  and  tear  and  interest  50  cents,  limestone  for  flux  25  cents  per 
ton  of  'metal, — that  makes  $11.25.  It  would  not  be  more  than  $12  a  ton  any**y» 
all  over  and  above  that  would  be  profit.  It  is  said  that  old  country  people  can  1*7 
it  down  here  at  $10  a  ton  and  make  a  profit  on  it ;  if  that  is  so  you  cannot  compe** 
against  them.  If  a  bonus  were  granted  by  the  Ontario  government  it  would  bw** 
it  a  matter  of  interest  to  come  here  and  put  up  a  furnace,  otherwise  I  dono^** 
how  you  can  induce  people  to  go  into  it.  Once  established  I  think  it  would  be  » 
permanent  industry,  but  it  would  take  some  inducement.  In  Cleveland  it  oo«t» 
$14.85,  or  about  $ir)  in  round  figures  today  to  produce  a  ton  of  pig.  The  orei  1 
have  seen  in  this  country  I  do  not  consider  very  refractory.  I  do  not  think  ther 
will  take  more  fuel  then  we  use  for  a  mixture  of  one-quarter  of  the  Republic  and 
one-quarter  of  the  Gogebic  ores.  1  do  not  know  anything  about  your  market  hfii^ 
but  1  am  satisfied  that  I  could  make  a  good  quality  pig  from  what  I  have  seen ;  ami 


393 


from  what  I  have  seen  I  am  satisfied  there  is  ample  in  sight  today  to  warrant  any 

one  in  putting  up  a  blast  furnace.     I  am  perfectly  satisfied  that  a  blast  furnace 

would  have   no  difficulty  in  getting  all   the  ore  it  wanted.     I  understand  the  Protection  and 

Oominion  government  gives  a  bonus  of  91.50  a  toD  ;  there  must  be  some  other  bonun. 

inducement  besides  the  duty  and  that  bonus.     You  must  have  a  high  duty  before  you 

build  your  furnace.     I  was  manufacturing  pig  iron  at  St.  Louis,  selling  it  at  923  a 

ton,  and  making  a  handsome  profit.     All  of  a  sudden  the  market  wal  flooded  with 

English  pig  iron  brought  up  the  river  from  New  Orleans.     Unless  you  have  high 

duties  here  you  cannot  make  your  industries  thrive  or  make  yourselves  independent. 

Here  is  the  difference  in  the  labor  :  a  wheeler  will  wheel  a  hundred  tons  in  the 

United  States  and  it  costs  9^.75,  in  England  it  will  cost  $1.     There  must  be  a  duty, 

or  a  bonus  high  enough  to  shut  out  both  England  and  the  United  Statf  s.     Scotch 

pig  in  Cleveland  sells  at  $21  after  paying  the  duty  of  $7.     I  think  a  margin  of  $6 

should  be  ample  encouragement  here.     I  am  not  in  favor  of  charcoal  iron  for  this  Charcoal  iron. 

part  of  the  country.     You  require  several  kinds  of  ore,  and  with  a  blast  furnace 

you  make  No.  1,  No.  2,  No.  3,  and  with  rolling  mills  and  foundries  you  can  use  up 

all  the  iron  in  connection  with  the  furnace.     There  is  the  largest  charcoal  furnace 

in  the  world  at  Black  River  Falls .  and  it  is  a  failure.     The  idea  that  the  bye^pro- 

ducts  will  pay  for  making  the  charcoal  has  been  always  a  failure.     It  would  cost  5 

cents  a  bushel,  and  it  would  take  about  125  bushels  to  smelt  a  ton  of  pig  ;  that  is 

equal  to  ^.25  a  ton. 

W.  H.  Wylie — Judging  from  engineers'  reports  I  think  iron  could  be  smelted 
in  this  country  if  there  was  a  sufiicient  amount  of  capital,  and  if  the  works  were 
managed  by  business  men.  If  such  works  were  put  up  in  the  back  country  char- 
coal would  have  to  be  used  ;  there  is  plenty  of  wood  for  that  purpose.  I  had  Mr.  Estimate  of  cost 
Birkinbine  of  Philadelphia  make  a  report  for  us,  and  the  total  cost  of  production  o'  charcoal  iron 
according  to  his  calculation  would  be  $12.8.5  per  ton.  I  do  not  know  anytning  about 
the  cost  of  producing  charcoal,  but  I  think  if  works  were  established  a  great  many 
farmers  would  be  induced  to  go  into  making  it. 

Wm.  Caldwell — I  think  iron  could  be  smelted  here  to  a  certain  limited  extent. 
We  made  a  calculation  some  years  ago,  and  the  conclusion  was  that  if  a  sufficient 
inducement  was  offered  by  the  government  works  would  be  established.     It  could 
be  either  charcoal  or  ordinary  coke  smelting.     But  before  anything  can  be  done  it  Encouragement 
-will  be  necessary,  so  as  to  induce  people  to  put  money  into  it,  that  a  bonus  be  given  o'  iron  smelting 
for  a  term  of  years — sav  five  years.    1  do  not  remember  what  the  figures  were  when  bonSw«^a** 
we  went  into  the  calculation,  bul  we  thought  if  the  Ontario  government  gav«  a  term  of  yean, 
bonus  of  $2  a  ton  and  the  Dominion  the  same  for  five  years  it  would  be  all  that 
was  wanted.     The  bonus  should  be  given  only  to  the  first,  or  first  two  establish- 
ments that  were  started. 

H.  H.  WaUbridge—Mj  brother  was  thinking  of  starting  a  five-ton  furnace 
and  we  went  to  Sweden  to  see  how  they  manufactured  charcoal  iron  there.     We  charcoal  iron 
came  to  the  conclusion  that  we  have  better  opportunities  to  manufacture  charcoal  manufacturo  in 
iron  here  than  they  have  in  Sweden.     We  are  in  a  better  position  ;  we  have  hard  S'^®^^®"- 
wood,  while  they  have  but  pine.     I  saw  the  operation  of  smelting  in  Sweden   but 
did  not  ascertain  the  cost.     At  the  time  1  was  there,  in  1869,  they  were  exporting 
iron    all  over  Europe  and  were  importing  English  iron.      One  or  perhaps  two 
furnaces  might  do  well  in  this  country,  either  charcoal  or  coke  furnaces  ;  the  coke 
could  be  brought  across.     For  charcoal  iron  there  is  plenty  of  wood,  and  we  have 
better  facilities  in  every  way  than  they  have  in  Sweden.     I  really  never  considered 
the  question  of  smelting  here  with  coke,  but  I  do  not  think  anything  will  be  done 
with  our  mines  till  the  American  duty  is  taken  off. 

E.    W,  Rathlnin — If  smelting  works  were  established  here  we  could  supply 
the  necessary  charcoal  at  from  six  to  eight  cents  a  bushel.     Our  kilns  for  making  coet  of  cbarooal 
charcoal  are  shaped  like  the  old  fashioned  beehive ;  the  capacity  of  each  kiln  being  '<>'  smelting 
about  fifty  cords  of  wood.     The  vapors  which  pass  over  are  separated,  the  con-  ^'°°  ®'** 
densable  are  liquified,  while  the  gas  which  cannot  be  condensed  is  carried  back  to 
the  kilns  and  used  for  carbonising  the  wood  or  generating  power  in  connection 
with  the  works.     We  waste  nothing.     From  a  cord  of  wood  we  get  fifty  bushels  of 
charcoal,  four  coal  oil  barrels  of  liquid   and  from  800  to  1,000  fact  of  gas.     If  all  B>e-producte. 
these  products  are  weighed  it  will  be  found  that  we  have  lost  comparatively  nothing. 
For  two  years  we  lighted  our  works  with  gas  made  from  sawdust,  which  u  akes  a 
fair  illuminating  gas,  but  the  treatment  required  is  somewhat  intricate  as  compared 
with  coal  and  oil  gas,  so  that  now  we  prefer  to  make  the  latter  for  illimiinating 
purposes.     We  produced  sawdust  gas  at  12^  cents  per  1,000  feet.     From  the  liquid 
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produced  in  our  wood  distilling  works  we  f;et  wood  alcohol,  acetate  of  lime,  sugar 
of  lead,  etc.  We  also  make  different  kinds  of  liquors  used  in  dyeing,  etc.  Tlie 
Dominion  government  takes  the  wood  alcohol  and  uses  it  in  mixing  with  grain 
alcohol  for  mechanical  purposes  so  as  to  prevent  frauds  on  the  excise.  Utilising 
the  bye-products  cheapens  the  production  of  the  charcoal.  We  have  eight  kilns, 
but  it  would  require  about  twenty  kilns  for  an  iron  smelting  plant.  I  think  iron 
could  be  smelted  profitably  with  charcoal  at  8  cents  a  bushel.  Charcoal  varies  in 
weight  from  16  to  20  and  sometimes  as  hi^  as  22  and  more  poimds  per  bushel. 
The  acetate  of  lime  is  chiefly  exported  to  England.  The  bye-products  can,  we 
think,  be  utilised  in  this  country.  We  have  had  some  estimates  as  to  the  cost  of 
making  charcoal  iron,  and  I  think  it  is  practicable  to  make  our  o¥m  charcoal  iron 
in  Canada.  I  have  no  doubt  but  that  it  could  be  manufactured  at  a  profit,  and  I 
think  Deseronto  is  favorably  situated  for  the  starting  of  that  industry.  The  dis- 
tance to  haul  the  ore  is  not  great  and  the  freight  cannot  be  much ;  there  is  plenty 
of  flux,  and  the  shipping  facilities  are  of  the  best.  There  is  no  reason  to  prevent 
charcoal  being  manufactured  for  a  time  as  cheaply  at  Coe-hill  as  here  if  works 
were  once  erected  there  of  the  proper  character.  I  would  not  undertake  to  produce 
charcoal  here  at  7  or  8  cents  a  bushel  without  taking  into  account  the  bye-products. 
We  can  supply  charcoal  suflicient  for  two  15- ton  furnaces.  I  understand  some 
furnaces  of  that  capacity  are  producing  iron  as  low  as  $14  per  ton.  With  our 
system  I  should  advise  a  plant  running  up  to  a  minimum  of  20  tons  a  day,  and  20 
to  25  kilns  would  supply  the  charcoal  for  it.  We  could  surely  supply  one  furnace 
anyway,  and  if  any  pomt  in  this  section  of  country  could  sustain  two  this  is  the 
place  1  think.  The  cost  of  making  the  iron  can  no  doubt  be  figured  out  pretty 
accurately.  I  believe  there  is  charcoal  iron  enough  used  to  keep  more  than  one 
furnace  going,  but  I  have  not  gone  into  the  details  closely.  Charcoal  blooms  could 
no  doubt  be  manufactured  with  reasonable  profit.  I  cannot  say  whether  further 
encouragement  in  the  way  of  duty  or  bonus  is  required  to  induce  the  starting  of 
smelting  works  ;  I  have  been  under  the  impression  that  the  govenmient  was  very 
liberal  in  the  matter  of  encouragement  to  iron  smelting.  The  matter  has  not  been 
a  question  of  vital  importance  to  me,  and  I  do  not  wish  to  give  an  opinion  on  a 
matter  I  have  looked  into  so  little. 

Thomas  Ledyard — I  have  a  letter  from  a  high  authority  who  resides  at  Pitts- 
burg, Mr.  J.  P.  Witherow,  in  reference  to  the  cost  of  manufacturing  charcoal  pig  in 
such  a  place  as  the  old  Belmont  mine.  He  made  out  that  the  pig  could  be  pro- 
duced inside  of  $10  a  ton  ;  that  is  the  actual  cost.  He  estimated  the  necessary 
capital  of  the  company  at  $150,000,  the  plant  of  which  would  include  a  Clapp- 
Griffiths  converter  capable  of  producing  steel  at  $14  a  ton,  and  he  put  the  pnoe  of 
the  charcoal  at  6  cents  a  bushel.  If  we  had  free  trade  with  the  United  States  I 
do  not  see  why  Toronto  should  not  be  an  excellent  point  for  a  coke  furnace.  The 
principal  cost  is  in  the  ore  ;  less  than  a  ton  of  fuel  will  make  a  ton  of  pig.  We 
want  the  American  market ;  there  is  no  encouragement  to  put  up  large  and  expen- 
sive works  for  such  a  small  market  as  that  of  Canada.  Mr.  Mills  of  Michigan 
says  that  to  his  knowledge  three  blast  furnaces  would  be  ptarted  in  Canada  as  soon 
as  the  American  duties  were  removed.  If  we  had  free  trade  we  could  manuf^ 
ture  iron  here  cheaper  than  in  the  States.  We  could  deliver  the  ore  at  Toronto, 
supposing  the  company  to  own  the  mines,  at  $2.25  per  ton — $1.50  to  mine  it  and 
75  cents  for  freight.  If  the  furnace  proprietors  did  not  own  the  mine  then  50 
cents  per  ton  would  be  a  fair  royalty.  In  Chicago  good  Bessemer  ore  is  $5.25  to 
$5.75  ;  they  use  Connellsville  coke,  and  I  think  it  could  be  delivered  here  a  little 
cheaper  if  there  were  no  duty.  With  the  fuel  as  cheap  and  the  ore  at  half  price 
we  should  stand  a  good  chance  if  we  had  the  same  market.  The  great  difficulty  to 
contend  with  here  is  the  English  competition. 

Thomas  Sh</rtiss-r-ln  1872  my  partner  and  myself  examined  lot  20  in  the  1st 
concession  of  Snowdon  ;  it  looked  well  and  we  bought  it  and  opened  it  up.  Ore 
was  afterwards  taken  out  and  shipped  to  the  States,  but  the  duty  killed  the  trade. 
Tests  by  the  diamond  drill  showed  over  half  a  million  tons  of  ore  at  this  mine.  I 
induced  Messrs.  Parry  and  Mills  to  look  at  this  property  ;  they  tested  with  a  drill 
to  a  depth  of  300  or  400  feet  and  were  well  satisfied.  They  erected  smelting  works, 
but  as  everything  was  about  completed  they  ran  out  of  money.  Every  effort  was 
made  to  induce  people  to  advance  $10,000  upon  the  security  of  the  property,  but 
no  one  could  be  got.  Our  people  do  not  believe  in  the  country  ;  they  do  not  believe 
that  our  ores  will  smelt  into  iron  at  all.  If  Parry  and  Mills  could  h&ve  got  $10,000 
the  furnace  would  have  been  started  ;  all  they  wanted  was  the  money  to  line  the 
furnace,  but  they  could  not  get  a  dollar.     At  the  time  the  endeavor   was  made  to 
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^et  the  $10,000  on  the  security  of  the  property  there  was  between  $50,000  and 
^60,000  invested.     Charcoal  iron  could  be  made  at  $12  per  ton.     I  will  furnish  you 
with  Mr.  McCorquodale's  letter  on  the  subjeco.     He  is  the  manager  of  large  smelt-  pott ^^'^[y^'w^- 
ing  works  in  Michigan.*    I  think  the  present  protection  and  duty  are  ample.  ^,^7*"***^ 
^There  is  plenty  of  ore  and  it  is  good  enough,  but  taking  it  altogetner  it  is  lean, 
from  52  to  54  per  cent.  ;  that  is  rich   enough  for  furnace  purposes.    We  could 
xindersell  English  iron  and  there  would  be  a  good  market  in  Canada  for  it  if  sold  A  fi^>venuneiit 
cheap  enough  ;  but  in  addition  we  .want  the  American  market  to  sell  our  ores.    We  diSoStolteth 
>could  use  up  our  poor  ores  and  ship  our  high  grades  to  the  States.     If  the  Ontario  enterprlM 
government  would  start  a  smeltins  furnace  it  would  show  what  could  be  done  with  suggarted. 
our  ore.     Such  a  furnace  should  be  erected  where  there  is  both  ore  and  timber. 
The  cost  would  be  about  $100,000.     Charcoal  could  be  made  for  four  cents  and  it 
would  be  ready  money  for  the  settlers. 

George  A,  Shaw — I  was  connected  with  an  iron  enterprise  in  \farmora  some  petroleum  u 
years  ago,  and  we  tried  to  smelt  ore  with  petroleum,  but  we  could  not  get  any  fire-  fnmace  fuel, 
brick  that  would  stand  :  that  is  about  seventeen  years  ago. 

T.  B,  Campbell — I  do  not  know  anything  about  the  cost  of  charcoal  smelting, 
but  I  think  the  country  in  Victoria  and  Haliburton  is  well  adapted  for  that  business.  ^  favowble 
There  is  plenty  of  wood,  flux   and  ore,  and  it  would  be  safe  to  say  that  hardwood  region  for 
•could  be  obtained  at  $1.50  a  cord.    Take  a  selected  5,000  acres  and  it  would  yield  ^^*^??^ 
about  twenty  cords  of  wood  to  the  acre.     It  would  require  a  large  area  to  keep  a  *™*  ^^' 
Jurnace  going  twenty-five  or  thirty  years. 

Henry  Graham — It  was  the  intention  of  Parry  and^Mills  to  use  both  hard  and 
.soft  wood  in  the  manufacture  of  the  charcoal.     There  are  considerable  quantities 
of  beech,  maple,  birch,  hemlock  and  elm  and  a  little  poplar  in  our  diBtrict     1  ^/^^e^^ 
think  the  calculation  they  made  was,  that  it  would  cost  about  $16  a  ton  to  manu-  taking, 
facture  the  iron — that  is,  calculating  to  bring  part  of  the  ore  in  to  make  sure  of  a 
supply.     Parry  and  Mills  thought,  if  they  could  get  6,000  acres  of  wooded  land, 
that  this  with  what  they  could  get  from  the  settlers  would  ensure  them  a  supply. 
This  industry  would  be  a  great  advantage  to  the  settlers  who  are  a  distance  from 
the  railway,  as  they  could  make  charcoal  from  their  wood  and  sell  it,  instead  of  YaiQeof  the 
now  having  to  bum  up  the  timber.     Those  near  the  railway  can  sell,  and  it  is  ?^*^^^|^ 
shipped  to  Toronto.     A  good  deal  of  wood  is  being  burned  in  the  clearing  up  of  the  setUe? 
•country  ;  half  of  it  is  too  rough  for  the  city,  and  that  could  be  made  into  charcoaL 

*At  the  date  of  writing  Mr.  McCorquodale  was  superintendent  of  the  Jaokaon  Iron  com- 
pany's furnace  in  Delta  county,  Michigan,  and  had  held  that  position  eiffht  yean.  Under  date 
■of  April  8th.  1886,  he  wrote  Mr.  Shortiss  in  reference  to  the  contemplated  erection  of  a  Bmeltin|; 
furnace  in  Haliburton  as  follows  :  *'  Should  the  furnace  be  erected  in  or  near  Sn^wdon  it 
will  make  a  big  boom  in  iron  mining.  We  are  running  our  stock  here,  making  60  tons  of  iron 
per  day,  with  a  consumption  of  112  bushels  of  charcoal  per  ton— half  soft  w(x>d  coal.  With 
all  harawood  charcoal  we  can  make  iron  with  96  bushels  per  ton.  Our  coal  costs  $7.06  per  100 
bushels  and  we  haul  it  an  average  of  eight  miles— the  greatest  distance  to  haul  being  twelve 
miles  and  the  shortest  four.  Our  iron  costs  $17.67  per  ton,  as  follows :  Ore,  $7.70 ;  char- 
coal, $7.90 ;  Umestone,  26  cents ;  labor  and  office  expenses,  $1.67.  Our  ore  yields  62  per 
cent,  and  takes  a  little  over  1^  tons  to  make  one  ton  ot  iron.  With  the  Snowdon  ore,  which 
if  I  remember  averages  66  per  cent.,  and  with  hardwood  charcoal,  I  am  satisfied  that  iron 
could  be  made  at  $12  per  ton,  or  say  : 

2  tons  of  ore  at  $2.60 $6  00 

100  bushels  charcoal  at  6c 6  00 

Limestone  0  26 

Labor  and  expenses  same  as  here 1  67 

Making  a  total  of  $11.92.  1  am  sure  the  ore  will  not  cost  $2.60  delivered  at  the  furnace. 
Coal  can  be  had  for  less  than  6c  per  bushel ;  we  do  it  for  that  here  and  haul  the  wood  from 
three  to  four  miles.  It  is  the  long  haul  from  the  most  distant  kilns  that  runs  the  price  up  to 
7c  or  a  fraction  over.  It  will  require  36,000  to  40,000  tons  of  ore  to  run  a  furnace  for  a  year, 
and  that  will  open  up  a  great  many  mines.  .  .  1  have  just  looked  up  the  stock  book  and 
find  that  our  ore  costs  us  here  $4.84  per  ton.**  Under  date  of  May  3rd^  in  the  same  year,  Mr. 
McGorauodale  wrote  a  second  letter  from  which  the  following  extract  is  taken  :  '"  The  coun- 
try in  tnis  locality  has  much  the  same  general  character  as  in  Snowdon.  Only  the  shores  of 
the  lake  and  bay  had  any  settlers  before  this  company  started,  and  they  made  fishing  their 
business.  Since  then,  as  the  wood  was  cleared  off,  settlers  have  come  in  and  they  raise  coarse 
crops,  such  as  potatoes,  turnips,  hay  and  oats,  all  of  which  is  purchased  by  the  company 
4unng  the  winter.  Those  settlers  turn  out  and  cut  our  wood,  for  which  they  are  paid  cash 
or  trade  in  the  company's  store,  as  the^  please.  Our  wood  for  the  year  is  all  cut  now  and 
the  settlers  are  starting  to  work  on  their  farms.  We  are  paying  60c.  per  bushel  for  potatoes, 
for  which  if  the  furnaces  were  not  in  operation  they  coula  not  set  one  cent.  Our  average 
monthly  payments  per  annum  are  for  all  kinds  of  work  $7,661  ^  for  wood  cutting  the  average 
is  $1,317  per  month.  As  I  remarked,  if  tht»  furnaces  were  not  m  operation  the  farmers  could 
get  sale  for  nothing ;  in  fact  they  would  be  compelled  to  leave  or  starve.** 
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Arihtir  Harvey — In  reference  to  the  smelting  of  iron,  there  are  two  ways  of 
doing  it — on  the  front  with  coke,  or  in  the  back  country  with  charcoal.  There  ia 
a  new  system  in  use  in  Russia  for  the  manufacture  of  charcoal  iron.  It  appears  to 
be  the  most  economical  and  best  way  yet  devised.  Mr.  James  Lobb  has  corres- 
ponded with  some  parties  in  Russia  about  the  utatter  and  can  show  you  the  letters. 

James  Lobb — I  am  a  commission  merchant  residing  in  Toronto.  1  deal  in 
metal  to  some  extent.  I  produce  correspondence  with  some  Russian  parties  for 
whom  I  am  the  Canadian  agent  in  reference  to  charcoal  iron.  Polished  Russian 
iron  is  worth  £28  lOs.  a  ton,  delivered  in  Montreal.  The  retail  price  is  about  He 
a  pound.  It  is  used  for  the  best  class  of  stovepipes  and  small  stoves.  I  am 
informed  by  an  expert  that  the  manufacture  of  sheet  iron  of  the  same  quality  as  the 
Russian  sheet  iron  by  the  use  of  the  Ilusgafvel  fumsices  would  be  quite  feasible 
here,  the  deposits  of  iron  ore  in  both  countries  being  of  the  same  chaiucter. 

H.  S.  Hoidand — I  do  not  see  why  it  should  not  pay  to  make  charcoal  iron. 
Speaking  from  memory  the  cost  of  making  it,  as  stated  by  experts,  would  be  $14  a- 
ton.  That  is  supposing  the  works  to  be  erected  at  Snowdon,  where  there  is  plenty 
of  wood.  That  is  the  short  ton  and  does  not  include  bringing  the  ore  any  distance  ; 
but  I  understand  there  are  two  kinds  of  ore  that  would  suffice  to  mix.  The  men 
who  made  the  estimate  had  been  manufacturing  charcoal  in  Michigan.  I  think  it 
would  be  wise  to  make  a  grant  of  land  or  timber  to  a  charcoal  furnace,  or  to  do 
something  that  would  induce  capital  to  go  into  it.  There  would  be  a  limit  to  the 
market,  but  I  think  charcoal  iron  would  to  a  great  extent  take  the  place  of  other 
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Frederick  Miller — When  I  first  came  to  this  country,  some  years  ago,  I  drew 
attention  to  the  cost  of  smelting  iron  here  as  compared  with  Sweden  and  some 
parts  of  Germany.  I  extracted  a  large  amount  of  information  from  the  report  of 
Mosler  to  the  Prussian  government  in  1865.  The  cost  in  Sweden  and  some  parta 
of  Germany  was  ^10  and  $10.50  ;  here  $13.  In  Sweden  the  wood  they  have  is 
iackpine  and  birch,  the  principal  wood  being  jackpine.  There  they  used  117 
bushels  of  charcoal  to  the  ton.  In  the  Hull  works,  near  Ottawa,  I  think  they 
estimated  the  cost  at  $21  or  $22,  but  they  used  225  bushels  there  to  make  a  ton. 
Their  furnace  was  not  properly  built.  If  there  is  plenty  of  charcoal  to  be  had,  and 
if  the  ore  is  handy  to  the  mine,  I  think  under  present  circumstances  it  can  be  pro- 
duced in  Canada  for  $14  a  ton.  I  believe  there  is  a  great  future  for  the  mining 
industry  of  this  country.  The  lead-smelting  has  been  neglected.  I  have  had  many 
years'  experience  in  that  line  in  Germany  and  I  think  it  could  be  worked  to  great 
advantage  if  we  had  the  capital.  One  of  the  great  causes  of  all  our  failures  in  this 
country  has  been  stock-jobbing. 

John  A.  Barron — I  reside  at  Lindsay.  I  think  it  is  a  most  important  matter 
that  something  should  be  done  in  the  interest  of  the  back  country  to  develop  the 
iron  mines.  The  land  in  the  back  country  is  but  fairly  good  and  the  main  depen- 
dence of  the  settlers  has  been  on  the  lumber.  That  is  about  exhausted  now  and 
cannot  be  counted  upon  any  longer.  The  development  of  the  iron  industry  would 
support  an  intelligent  and  thrifty  population.  There  is  a  very  large  quantity  of 
wood  being  wasted  that  would  answer  to  make  charcoal,  but  plenty  is  yet  left  for 
that  purpose. 

R.  E.  Bailey — It  is  well  to  be  cautious  about  erecting  expensive  works  and 
machinery  till  the  property  has  been  thoroughly  explored  ;  many  failures  have 
resulted  from  too  great  an  expenditure  at  first.  As  far  as  Americans  are  concerned, 
if  they  were  satisfied  it  would  pay  them  better  to  mine  here  than  in  the  United 
States,  I  think  with  very  few  exceptions  they  would  come  over  ;  with  them  it  is  a 
mere  matter  of  business. 

.4.  J.  Cattanach — 1  think  the  government  should  assist  in  the  erection  of 

Government  aid  smelting  works — iron  smelting  works.     The  best  way  to  dt»  that  would  be  by  grant 

works."  *™®^**°^  to  responsible  people.     Personally   I  do  not  know  anything  about  smelting,  and 

therefore  cannot  say  whether  the  present  bonus  and  duty  are  sufficient   protection. 

J,  H.  Bartlett — I  reside  in  Montreal,  but  was  bom  in  England  and  educated 
there  as  an  engineer.  I  am  a  member  of  the  Iron  and  Steel  Institute,  of  the 
Institute  of  Mechanical  Engineers  and  various  other  engineering  societies  on  this ' 
continent  and  in  England.  I  have  lived  in  Canada  for  the  last  17  years  and  was 
for  some  years  managing  director  of  the  Toronto  Bridge  works.  I  know  the  pro- 
vinces of  Nova  Scotia,  New  Brunswick,  Quebec  aud  Ontario,  and  have  been  in 
Prince  Edward  island  and  Manitoba.  For  the  past  four  or  five  years  I  have  made 
a  special  study  of  the  Canadian  iron  trade.     In  1885  I  published  through  Messrs 
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DawBon  Bros,  of  Montreal  a  pamphlet  of  167  pages  on  the  Manufacture,  Con- 
sumption and  Production  of  Iron,  Steel  and  Coal  in  Canada,  [n  that  work  an 
4ic6ount  of  every  attempt  to  manufacture  iron  in  Canada  is  given,  together  with 
statistics  of  the  Can-tdian  iron  tnule  in  great  detail.  These  statistics  have  been 
accepted  by  the  Dominion  government  as  their  Htandard  authority  on  this  subject. 
After  a  short  account  of  the  processes  in  the  manufacture  of  iron  I  go  on  to  show 
how  all  the  countries  of  the  world  which  today  are  iron  producers  have  succeeded 
in  establishing  this  industry.  I  was  led  into  the  study  of  the  subject  gradually  at 
first  by  having  to  make  a  professional  report  in  1883  on  some  deposits  of  iron  ore 
with  a  view  to  the  manufacture  of  iron  and  in  order  to  ascertain  if  the  erection  of 
iron  works  was  advisable.  Enquiry  was  made  as  to  the  extent  of  the  domestic  con- 
sumption, but  satisfactory  information  was  not  obtainable,  the  only  official  publication 
being  the  trade  and  navigation  returns  of  the  Dominion.  It  required  a  very  con- 
siderable amount  of  patience  and  perseverance  to  extract  the  desired  information, 
and  having  by  this  time  become  thoroughly  interested  and  impressed  with  the 
importance  of  the  subject  to  the  Dominion  generally  my  labors  were  continued  with 
the  result  before  named,  and  the  sequel  is  seen  in  the  recent  changes  and  readjust-  The  customs 
ment  of  che  Canadian  customs  duties  on  iron.  The  provinces  were  confederated  in  duties  on  pig 
1867,  but  until  1879  pig  iron  was  admitted  free  of  duty.  The  failure  of  the  various  "^^' 
■attempts  to  make  charcoal  pig  iron  and  blooms  is  clearly  attributable  to  the  want  of  ciuirooal  iron, 
protection.  Many  of  the  attempts  were  made  early  in  the  century  and  the  operations 
"were  of  the  smallest  dimensions,  but  both  in  Ontario  and  Quebec  this  industry 
flounshed  in  early  days  until  competition  with  imported  coke  pig  iron  made  it 
impossible.  Iron  rails  have  been  rolled  both  in  Toronto  and  Hamilton,  but  tlie 
•change  to  steel  rails  and  the  lack  of  protection  has  closed  that  branch  of  the  trade. 
A  considerable  trade  is  done  in  Canada  in  re-working  old  material,  and  there  are 
now  a  number  of  rolling  mills  in  various  parts  of  the  country  which  re-work  scrap. 
This  no  doubt  is  a  step  in  the  right  direction,  but  the  real  prosperity  of  the  country 
will  not  be  achieved  until  the  iron  we  consume  is  largely  produced  from  minerals 
<lug  out  of  Canadian  soil.  Only  one  attempt  has  ever  been  made  to  manufacture  (^i^e  iron, 
coke  pig  iron  and  bar  iron  out  of  Canadian  minerals,  and  the  possibility  of  doing  se 
has  been  proved.  The  quality  of  the  article  in  both  cases  is  superior  to  that  imported 
and  commands  a  higher  price,  and  it  is  very  satisfactory  to  know  that  since  the 
Adoption  ot  the  new  iron  duties  this  one  company,  now  the  Londonderry  Iron  Co., 
has  had  all  the  work  they  can  do.  The  following  figures  show  the  imports  into 
Oanada  for  home  consumption  : 


Year. 

Value. 

Year. 

Value. 

$ 

$ 

1868 

6,885,365 

1878 

9,398,306 

1869 

7,385,780 

1879 

7,962,295 

1870 

7,750,867 

1880 

10,128,660 

1871 

10,808,645 

1881 

12,955,855 

1872 

16,913,179 

1882 

17,499,488 

'    1873 

25,435,020 

1883 

20,080,274 

1874 

20,700,387 

1884 

14,790,727 

1876 

18,199,198 

1885 

11,415,713 

1876 
1877 

12,965,117 
11,082,321 

1886 
Total.... 

11,053,365 

253,210,012 

Canadian  oon- 
sumpiion  of 
iron. 


Out  of  this  amount  $158,830,882  had  to  pay  duty  and  $94,879,630  was  admitted 

free.     The  importance  of  the  manufacture  of  iron  to  the  country  will  be  appreciated 

when  it  is  shown  that  the  total  balance  of  trade  from  1868  to  1886  amounted  to  ine  balanoo  of 

9381,000,000  against  Canada,  and  that  during  the  same  period  we  imported  258^  trade. 

million  dollars  of  iron  and  steel  goods.*    I  prepared  at  the  request  of  Sir  Charles 

Tupper  a  series  of  diagrams  from  my  statistics  showing  graphically,  first,  the  invoice 

*  The  so-called  balance  of  trade  against  Great  Britain  and  Ireland  for  the  same  period 
<1868  to  1886)  was  £2,807,284,325  sterting;  against  France  £477,710,000;  against  Belgium 
^200,818.000 ;  against  Sweden  £48,013,000 ;  and  against  Germany  in  the  ten  jears  from  1877. 
when  values  began  to  be  given,  £126,028,000.  And  these  are  the  principal  iron-making  and 
iron-manufacturing  countries  of  Europe.— A.  B. 
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value  of  the  importB  of  iron  and  steel ;  second,  the  balance  of  trade  against  Canada, 
and  the  proportion  thereof  due  to  iron  and  steel  imports  ;  third,  the  conBumptioi» 
per  capita  of  the  population  of  iron  and  steel  imports  ;  fourth,  duties  paid  per  capita- 
on  these  imports  ;  fifth,  total  consumption  of  coal  in  Canada  ;  sixth,  total  production 
of  coal  in  Canada,     These  diagrams  were  distributed  to  members  of  the  House  of 
Commons  at  the  time  of  the  delivery  of  the  Budget  speech  in  18d7   and  are  pub- 
lished in  the  appendix  to  the  speech.     Sir  Charles  Tupper  stated,  and  I  am  convinced 
that  the  figures  he  used  had  been  very  carefully  prepared  and  were  Correct,  that 
apart  from  steel  rails  our  present  consumption  was  equivalent  to  260,000  tons  of  pig- 
iron  per  annum  ;  this  in  my  opinion  is  safely  within  the  mark,  and  would  re(}uir» 
ten  blast  furnaces  of  good  size  for  its  production.     But  this  is  not  all  foundry  uron, 
only  25  to  30  per  cent,  of  this  quantity  being  required  to  take  the  place  of  iron  now 
imported  especially  for  foundry  purposes.     I  mean  by  a  good  size  blast  furnace  one 
to  make  100  tons  per  24  hours,  or  to  avenge  25,000  tons  per  annum.     This  is  a  much 
higher  average  than  the  blast  furnaces  in  England,  where  in  the  year  1882  there  weie^ 
570  furnaces  in  blast  and  885  out  of  blast.     The  570  furnaces  made  8,500,000  tons 
of  pig  iron,  or  an  average  of  15,000  tons  per  furnace.     On  this  basis  it  would  require 
16  blast  furnaces  to  provide  for  the  Canskdian  market.     In  the  statistics  I  prepared 
the  imports  of  irpn  and  steel  for  home  consumption  are  classified  under  seven  heads, 
which  in  a  general  way  represent  the  amount  of  labor  expended  upon  the  materiaL 
These    are :    (1)  Iron,  which  includes  scrap,  pig,  blooms,  puddled  bars,  merchant 
bars,  rolled  shapes,  plates,  sheets,  hoop,  band,  wire  rods,  wire  and  tubing.     (2y 
Steel,  including  ingots,  bars,  rods  and  sheets.     (3)  Rails,  including  rails  steel  and 
iron,  frogs,  etc.     (4)  Castings  and  forgings.     (5)  Cutlery  and  edge  tools.     (6)  Hard- 
ware and  manufactures.     (7  )  Machinery  and  en^es.    The  average  weight  of  finished 
goods  classed  under  the  first  three  heads,  viz.,  iron,  steel  and  rails,  for  the  ten  yeara- 
1875  to  1884  amounted  to  over  200,000  tons  per  annum.     Under  cutlery  and  edge^ 
tools  are  included  many  other  articles  such  as  axes,  scythes,  hoes,  rakes,  f orks,  spades, 
shovels,  files,  rasps,  etc.,  most  of  which  are  now  made  in  Canada  out  of  imported 
iron  or  steel.     It  must  be  borne  in  mind  that  all  the  articles  are  derived  originally* 
from  iron  ore,  and  by  the  application  of  labor  and  fuel  they  are  gradually  converted 
stage  by  stage  into  the  finished  article  or  machine  ;  at  every  stage  there  ia  also  a- 
considerable  loss  of  weight.     The  equivalent  in  pig  iron  is  the  original  weight  of  pig 
iron  required.     For  the  seventeen  years  1867  to  1884  the  totals  of  imports  by  daasf^a 
were :  Iron,  $75,179,153;  steel, $9,938,614 ;  raiU,  $48,068,618 ;  castings  and  forgir^ 
$9,703,717  ;   cutleiy  and  edge  tools,  $10,742,331 ;   hardware,  etc.,   $47,926,637  ; 
machinery  and  engines,  $29,182,414, — making  a  total  of  $280,741,484.     The  valua- 
tions are  the  invoice  values  at  the  place  of  manufacture  and  shipment,  and  do  not 
include  anything  for  freights,  charges  or  duties.     The  item  of  freight  alone  ia  a  very 
important  one,  as  from  four  to  five  tons  of  minerals  are  required  for  every  ton  of  pig- 
iron  made,  and  pig  iron  is  the  first  process  or  raw  matenal  for  all  subsequent  pro- 
cesses.    I  am  interested  in  some  extensive  deposits  of  iron  ore  in  the  county  of 
Pictou,  Nova  Scotia.    The  conditions  there  are  very  similar  to  those  at  the  new 
iron  centre  in  the  United  States,  viz.,  Birmingham,  Ala.,  except  that  Pictou  ia  right- 
on  the  Atlantic  tide  water,  while  Birmingham  is  350  miles  distant  from  the  aea. 
The  situation  at  Pictou  combines  a  railway  centre  and  good  navigable  tide  water,  a- 
well  settled  cultivated  country  with  good  roads  and  plenty  of  labor,  four  varieties  of 
iron  ore  in  very  large  deposits  occurring  only  about  six  miles  from  the  Pictou  coal 
field,  from  which  half  a  million  tons  of  bituminous  coal  are  mined  annually.     In 
addition  there  is  an  abundance  of  limestone,  besides  gypsum,  freestone,  sand,  briok- 
clay  and  fire-clay.     Mr.  Selwyn,  director  of  the  Geological  Survey  of  Canada,  states 
that  Pictou  county  is  as  favourably  situated  as  are  the  best  iron  producing  districta 
of  Pennsylvania,  and  that  it  presents  greater  facilities  for  manufacturing  iron  pro- 
fitably than  are  to  be  found  in  any  other  part  of  the  Dominion.    When  in  Kngfand 
last  spring  [  interested  some  very  prominent  and  wealthy  men  connected  with  the 
iron  trade  there,  and  they  would  have  taken  the  matter  up  and  invested  £800,000* 
in  a  large  plant  for  the  manufacture  of  pis  iron  and  steel  rails  provided  a  duty  was 
imposed  on  the  importation  of  steel  rails  and  an  order  for  a  certain  quantity 
guaranteed.     I  laid  the  matter  before  the  Dominion  government,  but  they  were 
unable  to  see  their  way  to  any  arrangement  and  the  project  was  not  carried  out. 
Steel  rails  are  now  and  have  always  been  free  of  duty.     Since  1867  Canada  has  spent 
about  $50,000,000  for  rails  alone,  and  the  people  of  Canada  have  contributed  during 
that  time  $165,000,000  to  assist  in  the  construction  of  railways.    It  seems  reasonable 
to  suppose  that  the  country  would  have  been  better  off  if  this  amount  of  money  for 
rails  had  been  spent  in  wages  in  Canada.     In  the  United  States  when  railways  naye^ 
been  subsidised  by  the  government  it  has  been  specified  that  the  rails  were  to  be  ol^ 
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Amorican  manufacture,  and  in  some  cases  not  only  the  rails  but  all  the  other  iron 
used  in  the  construction  and  equipment.    The  Union  Pacific  the  Northern  Pacific,  United  ^^ 
the  Atlantic  and  Pacific  and  the  Texas  Pacific  had  to  use  American  rails.      In  S^ij^diriDg: 
Canada  we  have  now  about  18,000  miles  of  railway,  but  no  rails  are  made.     No  railways. 
other  country  in  the  world  can  make  such  a  showing.     In  all  cases  other  countries  How  other 
have  succeeded  in  establishing  iron  industries  by  protective  daties,  bounties  and  sub-  SSSSahirf^^* 
sidies  or  concessions.     Take  England  for  example.     In  the  year  1800  she  produced  industrlet.  '^^ 
130,000  tons  of  pig  iron  ;  in  1850  this  had  increased  to  2,500,000  tons.     Now  let  us 
notice  the  protective  duties  which  were  in  force  from  1800  on  such  an  article  as  bar  English  duties 
iron.     In  the  year  1802  the  duty  was  f  18. 35  per  ton ;  in  1803,  $20. 62  ;  1804,  $21. 19 ;  ^°  "^  *~°- 
1805,  $24.75  ;  1806  to  1808,  $26.15 ;  1809  to  1812,  $26.72 ;  1818  to  1818,  $31.59 ; 
1819  to  1825,  $81.63  if  imported  in  British  ships,  but  if  imported  in  foreign  ships 
$88.56.     Iron  slit  or  hammered  into  rods  less  thiEin  three-quarters  of  an  inch  square, 
$03.38  per  ton  ;  wrought  iron  not  otherwise  enumerated  for  every  $486  of  value, 
$243.33  per  ton  ;  wire  not  otherwise  enumerated  $577.92  per  ton  ;  hoop  iron  $115.58. 
In  1826  these  duties  were  reduced  and  in  1848  were  abolished,  but  in  the  meantime 
the  industry  had  grown  to  such  an  extent  as  to  control  the  iron  trade  of  the  world. 
All  other  countries  have  the  same  tale  to  tell.     In  the  United  States,  France,  Ger- 
many, Belgium,  Russia,  Italy,  etc.,  the  governments  have  recognised  the  vital 
importance  of  this  industiy  to  the  welfare  of  the  community  and  have  taken  such 
steps  as  have  been  from  time  to  time  found  necesi^^iry  to  ensure  its  growth  and 
success,  and  when  the  people  of  Canada  come  to  rightly  appreciate  its  importance 
they  too  will  insist  upon  the  industry  being  established  in  the  Dominion.     The  importance  of 
timber  in  this  country  is  being  rapidly  cut  down  and  all  the  various  industries  con-  the  iron  industr)- 
nected  with  it  must  in  time  gradually  disappear  ;  wooden  ship-building,  once  such  {JiJS^iSdiSry 
a  large  industry,  is  now  almost  a  thing  of  the  past ;  and  what  is  more  natural  than 
that  with  the  disappearance  of  our  forests  attention  to  our  mineral  wealth  should 
increase,  and  steady,  continuous  employment  be  ffiven  to  our  people  in  mining  iron 
ore,  coal  and  limestone,  making  charcoal  and  coke,  smelting  the  minerals  into  pig 
iron  and  working  this  up  into  the  various  shapes  and  articles  ?    The  vast  amount  cS 
money  required  for  plant  and  machinery,  the  army  of  men  to  whom  employment 
would  be  given,  the  amounts  of  money  paid  in  wages,  the  increase  in  both  rail  and 
water  freight,  and  the  increased  inter-provincial  tiade  which  must  ensue,  make  this 
subject  of  vital  importance  to  the  permanent  welfare  of  the  Dominion. 

WiUiam  Qtrhauaer — I  am  secretary  and  treasurer  of  the  Union  Iron  company,  ^ 
established  in  this  city  in  1872.     The  subscribed  capital  is  $200,000,  all  paid  up.  company^of 
We  are  employed  in  the  smelting  of  iron  ores  from  charcoal  and  our  output  is  Detroit  ^  ;] 
12,000  gross  tons  per  annum.     We  smelt  specular,  hematite  and  magnetic  ores  in 
the  proportion  of  40,  40  and  20  per  cent.,  the  supplies  of  which  are  obtained  from  fro?or?wid 
the  Marquette  district  of  lake  Superior.     It  is  deuvered  at  our  works  by  boat  during  charcoal, 
the  season  of  navigation,  commencing  the  1st  of  June  and  ending  the  15th  of 
November.     The  specular  ore  averages  66,  the  hematite  56  and  the  magnetic  62 
per  cent.     The  hematite  when  dried  at  212°  yields  about  62  per  cent.,  but  we  put 
it  in  the  furnace  in  its  natural  state,  with  free  moisture.     The  ores  cost  us  this  year 
eight  cents  a  unit  delivered  at  our  mills.     We  make  charcoal  at  five  points  in  the 
state,  the  nearest  of  which  is  80  miles  and  the  farthest  185  miles  from  Detroit. 
They  are  all  situated  on  lines  of  railway  convenient  for  shipping.     The  coal  is  made 
in  round  kilns,  two-thirds  of  the  product  being  from  hard  wood,  maple  and  beech, 
and  one-third  from  elm,  black  ash  and  soft  maple.    The  cost  of  wood  ranges  from 
$1.25  to  $2.25  per  cord,  and  averages  $1.60  for  hard  and  soft.     It  is  bought  from 
the  farmers,  who  deliver  it  at  the  kilns  corded  up.    One  cord  produces  on  an  average 
45  bushels,  weighing  20  lb.  per  bushel ;  the  hard  wood  will  produce  50  bushels  same 
we^ht,  soft  wood  42  bushels.     It  costs  at  the  kilns  about  5^.  a  bushel  and  7ic.  Cost  of  charcoal, 
delivered  at  our  works.     Our  annual  make  is  1,000,000  bushels,  the  whole  of  which 
is  consumed  in  our  smelting  works.     From  85  to  90  bushels  is  required  to  smelt  a  p_„    _♦, 
ton  of  iron.     We  use  a  charge  of  1,600  lb.  of  ore  to  about  an  average  of  740  lb.  of  ore  and  oSiUn 
coal,  and  the  time  it  takes  to  run  through  the  stack  depends  on  the  capacity  of  the  »  charge, 
stack  and  the  speed  with  which  it  is  driven.     The  product  of  this  charge  is  about 
960  lb.     The  limestone  for  flux  is  got  near  the  city  and  costs  $1.25  per  ton,  but  only 
three  per  cent,  is  required.     Our  iron  is  made  expressly  for  car  wheels  and  malleable 
iron.     Its  analysis  shows  for  our  best  grade,  silicon  0.980,  phosphorus  0. 186,  and 
sulphur  0.017.     This  does  not  bring  it  within  the  Bessemer  limit,  which  is  one- 
tenth  of  one  per  cent,  in  the  iron.    We  sell  the  bulk  of  our  make  in  the  United 
States,  but  we  also  export  to  Canada.     In  1887  there  were  exported  from  Detroit  Exports  to 
5,288  tons,  all  of  which  it  is  safe  to  say  went  to  Canada.     Our  average  selling  price  Ouiada. 
this  year  has  been  $19.52  cash  per  ton  of  2,250  lb.  f.o.b.  ;  last  year  it  vsa  ^t»\m^^ 
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a  dollar  a  ton  higher.  Canadian  purchasers  buy  at  the  regular  prices  here  and  the 
Canadian  duties  are  paid  in  addition.*  I  managed  smelting  works  in  Baltimore 
from  1870  to  1883,  and  there  wo  used  ores  largely  im]K)rted  from  Ireland.  Spain, 
Elba  and  Africa,  ^ome  of  the  Irish  ores  were  as  hii^h  as  7  per  cent,  in  titanic  add, 
but  they  were  mixed  in  very  small  quantities  with  the  cleaner  ores.  We  havenied 
Canadian  ores  which  gave  us  good  satisfaction,  but  the  ores  we  now  use  answer  oar 
puri>ose  as  well  and  are  cheaper  by  the  rate  of  the  duty.  We  employ  about  90 
men  at  the  smelting  works  ;  two  engineers  at  92  a  day,  2  keepers  at  91.75,  2 
helpers  at  91.(>0,  2  stockweighers  at  91.60,  2  top-men  at  91.60,  4  coal  men  at  (1.60, 
blacksmith  at  91.50,  carpenter  at  9i.50,  and  14  yardmen  at  81.45  a  day.  At  the 
charcoal  kilns  the  work  is  done  by  contract,  about  five  men  to  a  plant,  and  they 
are  paid  l^  cent  per  bushel  loaded  on  the  cars  ;  wo  pay  for  wood,  plant*  hofK- 
feed,  etc.  Our  daily  output  of  pig  is  35  tons  and  we  work  the  year  round.  Thii 
year  we  had  expensive  repairs  to  make  and  the  furnace  was  out  of  blast  about  two 
months.  This  statement  is  for  a  normal  condition  of  working,  but  things  sometimei 
go  wrong  and  repairs  aro  expensive.  For  the  last  live  years  w<»  lost  about  four 
months'  time  in  making  re}>airs. 

Georffv  Hop*'  —I  am  a  mem})or  of  the  firm  of  Adam  Hope  &  Co.,  hardware 
merchants,  Hamilton,  engaged  in  the  importation  of  inm.  We  import  both  Scotch 
and  English  pig.  The  Scotch  pig  was  laid  down  Jis  low  as  915^-50  this  year ;  that  if 
equal  to  914  and  the  duty  added.  We  have  laid  down  some  good  brands  of  Scotch 
at  913. nO  which  with  the  duty  would  be  about  918 — that  is  the  long  ton.  Engliih 
pig  costs  laid  down  here  about  Ms.  5d.,  equal  to  about  913.50.  That  would  be 
e([\ia.\  to  about  918  duty  paid.  In  June  the  English  and  Scotch  market  was 
depressed.  Last  year  the  price  would  be  about  one  or  two  dollars  more  ;  64s.  6d. 
was  the  lowest  we  Laid  down  No.  1  English,  and  56s.  Od.  the  lowest  for  Na  1 
Scotoh.  We  do  not  import  charcoal  pig  at  all.  There  would  be  no  fear  of  competi- 
tion from  England  and  Scotland  for  that  class  of  iron.  What  is  used  comes  from 
the  Detroit  furnaces,  nemo  from  the  ^ew  York  furnaces.  The  price  in  Detroit 
would  be  about  921. r)0  the  long  ton.  In  Hamilton  about  15,000  long  tons  of  iron 
is  used  ever}'  year.  Two  or  three  establishments  have  gone  into  manufactoriDg 
wator-piy)e  and  they  use  a  great  deal  of  iron.  No  charcoal  iron  is  imported  from 
Great  Britain  that  I  am  aware  of.  We  imjxtrt  considerable  English  hemat^ 
That  is  a  su])enor  quality  of  ore  and  is  used  for  such  purposes  as  strengthening 
castings  for  machinery'  and  for  making  malleable  castings.  For  making  car  wheels 
charcoal  iron  is  used  altoaother,  the  supply  of  which  comes  from  American  fumaoei 
and  from  the  Three  Rivers  furnace  in  Quebec.  Tliere  are  four  car  wheel  foundries 
in  Canada,  at  St.  Thomas,  Montreal,  Lachine  and  here.  The  Three  Rivera  iron 
is  manufactured  from  bog  ore.  1  do  not  know  anything  about  the  quantity  they 
make  ;  it  is  very  limited,  but  they  make  a  magnificent  (quality. 

JVilliam  Copp — The  firm  of  which  I  am  a  member  (Copp  Brothers)  is  engaged 
in  the  foundry  business  We  have  been  in  business  at  Hamilton  since  1849,  hat 
not  all  the  time  in  the  foundry  business.  There  is  about  9200,000  invested  in  our 
business  now.  We  produce  stoves,  furnaces,  grates,  agricultural  implements  and 
steam  engines.  The  value  of  our  yearly  output  is  about  9100,000.  Weuaethe 
best  brands  (»f  iron,  the  Coltness,  Summerlea  and  some  of  the  Londondeny' 
They  cost  us  about  923  the  long  ton.  We  mix  a  quarter  of  the  Londondeny,  a»  *» 
cannot  use  it  by  itself  ;  it  does  not  make  clean  work,  being  a  slagsy  iron.  Po^^ 
it  is  a  little  stronger  than  the  others,  and  I  think  it  adds  to  the  strength.  ^^ 
do  not  use  charcoal  iron  at  all,  but  1  think  we  ought  to  as  it  makes  the  beat  maU^ 
able  castings.  1  think  it  could  be  made  in  Canada.  In  Alabama  they  are  ^ 
ducing  charcoal  iron  at  a  very  low^  price  ;  I  understand  that  from  a  |;entjeman  who 
makes  a  great  many  car  wheels.  I  think  he  said  they  were  producing  it  st  9^^  * 
ton.  I  thought  the  question  worth  looking  iiito  and  I  cannot  see  why,  witih  oiff 
iron  dei)osits,  our  wood  and  intelligent  labor,  we  should  not  bo  able  to  product 
our  own  supi)ly.  I  think  a  pood  deal  of  charcoal  iron  would  work  in  for  atot* 
plates  as  well  as  for  car  wheels  :  I  certainly  think  it  would  be  a  great  advantag^ 
We  buy  our  iron  ;  we  do  not  import  ourselves.  We  use  from  700  to  1,000  tona  » 
pig  according  to  the  season.  There  is  a  large  quantity  used  at  the  pipe  works.  / 
suppose  outside  of  the  pipe  works  5,000  tons  a  year  is  used  in  tnis  city,  and  *^ 
might  possibly  go  to  6,000  tons.     I  think  they  work  the  common  brands  of  £ii|^ 

*  This  makes  the  price  to  the  Canadian  importer  plus  the  duty  exactly  924,  to  which  tk0 
cost  of  freight  must  be  added. 
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:«t  the  pipe  works,  and  some  of  the  low  grades  of  Scotch.     It  would  be  from  $3.50 
to  $4  less  in  price  than  ours.     I  think  if  we  used  one-third  charcoal  we  could  use 
English  and  low  grade  Scotch  iron  and  turn  out  a  strong  nice  plate.     Of  course 
that  would  have  to  be  experimented  with.     It  seems  to  me  strange  that  some  person 
has  not  started  the  manufacture  of  charcoal  iron  in  Ontario.     My  impression  is  that 
it  would  not  cost  more  than  half  as  much  to  start  a  charcoal  furnace  as  it  would  to  charcoal  iron 
start  an  anthracite  one,  and  the  iron  could  bo  made  in  smaller  quantities  ;  I  think  it  smeitinir  a 
would  be  a  safer  investment.     I  do  not  see  why  we  should  not  manufacture  it  as  JJJJJjJriall 
cheaply  as  they  do  in  Alabama.  The  Three  Rivers  iron  is  very  good  and  strong,  but  we 
never  work  any  of  it      There  was  a  furnace  at  Ottawa  at  oue  time,  but  it  was  an  ill- 
advised  enterprise.     At  that  time  they  had  to  compete  against  the  cheap  Scotch 
and  English  iron,  and  we  were  buying  the  Scotch  delivered  here  for  $18  ;  that 
was  the  best  grade.     We  make  a  very  much  finer  plate  now  than  we  did  then,  and 
we  require  the  best  iron  we  can  get.     At  that  time  the  duty  was  $1.50  a  ton.     I 
think  it  is  an  industry  the  government  should  stimulate  in  some  way.     I  think  the 
best  way  would  be  to  give  a  grant  of  $50,000  ;  it  would  be  better  than  a  bonus  to 
some  of  those  useless  railways.     The  surroundings  here  are  very  similar  to  those  of  j^^^  ^^i    i  a 
Sweden,  and  there  they  manufacture  charcoal  iron  well  und  cheaply  ;  it  would  be  trv  might  be 
well  to  look  into  tl^eir  system  very  carefully.     If  our  machine  men  used  more  "tlnialated. 
charroal  iron  in  their  castings  they  would  be  of  a  bett-  r  class  and  it  would  be 
better  for  the  country.     As  soon  as  it  is  established  that  charcoal  iron  makes  better  JJjJ^  ^^  chwrtoal 
work  we  will  all   be  willing  to  pay  more  for  it.     We  really  produce  better  plate  "*** 

h^re  than  they  do  in  New  York,  but  the  best  is  produced  in  the  New  England 
states. 

Adam  Laidlnw — I  am  a  member  of  the  Laidlaw  Manufacturing  Co.  of  Hamil- 
ton ;    we    manufacture  stoves,  furnaces  and  brick  machines,  and  our  capital  is 
-930,000.     I  have  been  in  the  stove  business  seventeen  years.     We  use  a  considerable 
•q^uantity  of  pig  iron,  between  400  and  500  tons  a  year.     We  use  a  little  of  the 
Londonderry,  but  the  greater  part  is  Scotch.     Two  years  ago  we  used  a  quartei  of 
the  Londonderry  with  the  Scotch,  but  this  year  we  have  not  used  any  at  all.     It  is  TlieLondon- 
-a  good,  strong  iron,  but  it  seems  hard  and  1  don't  like  it  for  stove  plate.     We  only  derry  iron  not 
use  No.  1  iron.     The  Londondeny  pig  is  worth  about  $23  here.     Summerlea  is  the  JJo^**pi|[tM 
principal  brand  that  we  use,  and  that  is  worth  $28  ;  it  has  not  been  higher  than 
$23.     I  bought  early  in  the  season  for  $21  the  long  ton.     We  are  using  a  little 
English  iron  this  year  ;  it  is  not  as  strong  as  the  Scotch.     I  think  the  difference  is 
<iue  to  the  quality  of  the  ore.  but  I  do  not  know  anything  about  the  manufacture 
■of  pig  iron.     I  think  we  could  use  charcoal  iron  mixed  with  the  Scotch  ;  it  would  Qh^rcoal  iron 
strengthen  and  improve  the  castings.     I  have  not  gone  into  the  matter  and  cannot  would 
«ay  whether  it  could  be  manufactured  here.     There  are  eight  foundries  in  the  city  strengihen  and 
and  they  will  each  use  about  500  tons  a  year  on  the  average.     We  employ  about  JaSingS. 
forty  men.     Machine  moulders  make  about  $2.25  a  day  and  stove  moulders  by 
the  piece  from  $2  to  $:3.50  a  day.     We  shut  down  about  Christmas  and  stop  for  Labor  and 
«bout  six  weeks  or  two  months  ;  that  has  been  done  only  these  last  four  or  five  wager. 
years. 

H,  A,  Massey — I  am  a  resident  of  Toronto  and  engaged  in  the  business  of 
manufacturing  agricultural  implements.     For  making  gray  iron  we  use  about  2,000  m  ^  j 
tons  of  pig.     For  malleable  iron  we  will  have  to  use  8W)  or  1,000  tons  of  pig,  and  caatlnKB"*" 
that  must  be  charcoal  iron.     For  our  castings  we  use  Scotch  iron  and  some  Canadian  ; 
we  mix  them.     We  sometimes  use  one-half  Canadian,  but  do  not  care  to  use  more 
than  a  quarter  or  a  third.     I  use  the  term  gray  iron  as  referring  to  the  iron  as  it  is 
made  into  castings  from  the  pig.     We    use    from  No.  1  to   No.   4.     I  cannot 
tell  the  amount  of  pig  iron  that  is  used  in  Toronto,  but  I  do  not  think  much  charcoal 
iron  is  used.     I  think  that  at  Oshawa  they  use  from  2,000  to  3,000  tons  of  charcoal 
iron  for  malleable  castings.     A  large  quantity  of  charcoal  iron  should  be  used  in 
making  car  wheels.     Scotch  pig  runs  from  $16  to  $22  the  long  ton.     it  has  not  Prices  of  Scotch 
been  less  than  $18  for  some  seasons.     The  highest  price  is  in  the  fall  of  the  year.  J"^  ^J?^^"' 
In  the   winter  it  would  of  course  cost  more.     The  Londonderry  costs  from  $19  to    *"^  *^^ 
$21  according  to  number  of  brands.      Charcoal  iron  is  imported  from  Alabama,  ^harcSlron 
Cleveland  and  Detroit.     At  the  works  at  Detroit  it  runs  from  $19  to  $21  the  gross 
ton.     The  duty  is  $4  the  net*  ton.     The  freight  from  Detroit  is  $2  a  ton.     The 
Alabama  costs  something  over  $30,  duty  paid.    The  last  Quotation  was  $26  per  long 
ton  at  the  works.     It  is  a  better  iron  than  the  Michigan,  being  very  like  the  Salis- 
bury.    The  Salisbury  costs  about  $36  a  long  ton  delivered  here.     We  have  not 
bought  any  of  that  iron  recently.    In  Alabama  I  think  they  use  any  kind  of  wood 
ior  charcoal,  but  hardwood  is  the  best.     If  Canadian  charcoal  iron  could  be  pro- 
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Chareoftl  ^       duced  for  a  little  more  than  Scotch  or  Londondeny,  no  doubt  we  could  uae  it  for 
Iron  for  cMttogi.  nearly  every  kind  of  iron  we  want  to  make.     It  makes  a  stronger  and  better  oasting^ 
and  it  would  be  simply  a  question  of  the  cost.     For  machinery  castings  we  want  t£» 
best  iron,  and  the  expense  is  what  has  kept  us  from  using  charcoal  iron.     I  would 
take  charcoal  iron  at  f  24  a  ton  rather  than  imported  iron  at  $22  ;  I  would  consider  it 
would  be  $4  a  ton  more  valuable.     Charcoal  iron  at  $4  a  ton  more  would  command, 
the  market  for  all  strong  castings  ;  we  could  use  2,000  tons  of  it.     I  do  not  think 
the  makers  would  go  to  the  extra  expense  for  pipe.     They  might  do  something 
more  for  charcoal  iron  in  the  stove  trade.     The  manufacturers  of  agriculture 
implements  would  use  it ;  and  if  one  used  it  and  made  better  castings,  competition, 
would  compel  the  others  to  do  likewise.     The  cheapest  charcoal  iron  at  present 
imported  costs  $28  a  ton,  and  if  the  Canadian  were  less  than  that  it  would  com- 
mand the  market  for  charcoal  iron.     In  order  to  encourage  the  manufacture  of 
charcoal  iron  I  am  in  favor  of  granting  a  bonus  for  a  number  of  years.     I  would 
recommend  a  bonus  of  $2  a  ton  in  addition  to  the  present  bonus  and  duty.     But 
if  it  can  bo  shown  that  they  could  make  a  profit  of  $6  a  ton  at  present,  then  ncv 
further  bonus  should  be  granted.     The  cost  of  making  it  can  easily  be  figured  out 
by  those  who  understand  the  business.     I  do  not  believe  that  in  Michigan  they 
make  $6  a  ton.     I  think  they  would  be  well  satisfied  to  make  $3  a  ton.     I  think  a 
great  deal  of  iron  is  made  at  $10  a  ton  in  Pennsylvania,  and  for  less  in  Alabama.. 
The  question  of  making  steel  is  mor^  important  than  anything  else  in  Canada.     We 
have  great  difficulty  in  getting  the  steel  required  for  agricultural  purposes  here. 
The  works  at  New  Glasgow  turn  out  good  steel,  but  they  cannot  make  the  quanti^ 
required  in  the  country.     It  is  important  that  something  Bhould  be  done  to  encour- 
age the  manufacture  of  steel.     We  import  some  from  England,  and  some  from 
Johnstown,  Pennsylvania.     They  supply  at  Johnstown  an  article  quite  as  cheap 
as  in  England,  but  it  is  of  better  quality.     There  are  but  two  parties  in  the  Statea 
that  make  the  cold  steel,  and  they  charge  about  25  per  cent,  more  than  the  English^ 
but  it  is  far  superior.     It  is  made  as  true  as  if  turned  in  a  lathe,  and  wears  better 
than  if  turned.     We  have  been  trying  to  get  the  government  to  take  the  duty  off 
cold  steel,  or  to  get  some  one  to  manufacture  it.     I  think  the  business  in  Canada 
would  pay.     It  would  take  a  very  large  establishment  to  supply  the  requirementa 
of  the  country  in  that  line  of  goods.     If  there  is  anything  that  should  be  encour^ 
aged  it  is  the  manufacture  of  steel.     Charcoal  iron  is  in  the  right  direction,  but 
steel  is   he  most  important. 

John  Stewart — There  are  workable  quantities  of  gold,  copper  and  lead  orea 
that  might  be  utilised  in  smelting  processes.  The  difficulty  is  to  get  cheap  fuel^ 
and  we  have  that  in  this  country.  The  heavy  refuse  from  the  saw  mills  could  be 
made  into  charcoal  for  smelting  purposes,  while  the  sawdust  from  the  mills  could 
be  converted  into  gas  and  used  as  natural  gas  is  used,  and  we  would  have  the  best 
fuel  for  roasting  our  ores.  We  could  smelt  our  gold,  lead  and  copper  ores,  and  use 
pyrites  for  making  sulphuric  acid  to  treat  our  phosphate  instead  of  shipping  it  in 
the  raw  state.  There  are  large  quantities  of  pyrites  between  Ottawa  and  the 
county  of  Hastings,  some  of  which  hold  a  little  arsenic  and  some  do  not.  The 
phosphate  country  along  the  Kingston  and  Pembroke  railway  has  not  been  developed 
to  the  extent  that  the  Quebec  region  has,  the  trouble  being  that  they  have  not  had 
as  good  suriace  showings,  but  it  is  a  very  promising  country.  In  Portland  there  ia 
phosphate  that  occurs  almost  like  rock  ;  it  has  a  fracture  and  resembles  square 
pieces  of  red  syenite.  I  certainly  think  we  have  enough  pyrites  between  the 
Ottawa  river  and  Hastings  county  to  treat  all  our  phosphates  and  to  export  besides^ 
I  think  that  charcoal  should  be  used  for  the  blast  furnace  and  gas  for  roasting  and 
re-heating  the  iron.  Gas  has  never  been  used  for  blast  furnaces,  though  it  possibly 
might  be  so  used.  The  works  should  be  constructed  at  a  place  where  refuse  could 
be  obtained  to  make  the  charcoal  and  gas.  It  would  therefore  be  necessary  to  erect 
works  where  there  are  lar^e  saw  mills,  as  the  amount  of  refuse  required  for  gas 
would  be  very  great.  I  have  made  a  calculation  of  what  it  would  cost  to  make 
charcoal  iron  in  this  country,  and  according  to  my  estimate  it  would  rue  leas  than 
$20  a  ton.  The  selling  price  of  pig  iron  now  is  about  $20,  and  the  bonus  of  $1.50 
would  give  some  of  the  profit.  In  answer  to  the  question  as  to  how  I  would  meet 
competition,  I  would  keep  out  British  and  American  iron  by  raising  the  tarifil 
The  present  selling  price  of  British  iron  is  $20  here,  but  charcoal  pig  is  worth  $5  a 
ton  more. 

E.  B.  Borrofx — Had  the  attempt  to  smelt  copper  ore  on  the  spot  at  Bruce  Mines 
proved  successful  an  immense  saving  in  transport  would  have  been  effected.  Nor 
would  it  have  been  necessary  to  dress  the  ores  to  so  high  a  percentage  as  when 
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sent  to  Swansea  or  Baltimore,  and  thus  the  loss  of  ore  in  dressing;  misht  have  been  noinra  of  oopi 
lessened.  FinaUv  the  refined  copper,  or  at  least  part  of  it,  would  have  found  a  ^^^JS^^^ 
home  market.  These  important  objects  gained,  it  is  probable  that  the  mines  would  JSuce  HIom^ 
have  yielded  a  reasonable  profit  for  a  number  of  years.  The  failure  of  the  attempt 
to  smelt  the  ore  by  the  Welsh  system  was  due,  I  believe,  to  the  following  causes : — 
At  Swansea,  where  this  method  is  adopted,  the  copper  smelting  companies  are  sup- 
plied with  copper  ores  of  many  different  varieties  and  degrees  of  richness,  from  all 
parts  of  the  world.  Experience  has  taught  them  that  it  is  more  advantageous  to 
mix  different  kinds  of  ores  in  cert-ain  proportions  and  smelt  them  together  than  it 
is  to  do  so  separately.  The  mixed  ore  is  more  fusible,  requires  less  fuel  and  pro- 
duces a  cleaner  slag,  that  is,  a  slag  which  contains  the  least  possible  quantity  of 
copper.  When  the  smelting  works  were  started  at  Bruce  Mines  there  was  prac- 
tically but  one  kind  of  ore,  commonly  called  the  yellow  ore  or  copper  pyrites. 
This  when  dressed  to  yield  15  per  cent,  of  copper  was  still  mixed  with  so  much  of 
the  rock  or  gangue  of  the  vein  that  nearly  one-half  of  the  ore  as  brought  to  the 
furnaces  was  quartz  or  silica.  It  is  said  when  treated  by  itself  to  have  been  a  ' 
refractory  ore,  and  as  no  other  ores  could  be  got  to  smelt  aloug  with  it,  and  thus  ^  "JiIJJ***^ 
render  it  mpre  fusible,  the  consumption  of  coal  was  vety  heavy.  As  this  coal  had 
to  be  brought  from  the  mines  in  the  United  States,  some  500  or  600  miles  dis- 
tant, th  •  cost  delivered  at  Bruce  Mines  was  at  least  three  times  that  paid  by  the 
Welsh  smelters  for  coal  at  Swansea.  1  hen  the  slags  instead  of  being  clean  were 
found  to  contain  three  per  cent,  or  more  of  copper.  Finally  the  f umacemen  or 
smelters,  brought  in  the  first  instance  from  Wales  or  other  distant  points,  could 
not  be  replaced  during  the  winter  season  when  navigation  was  closed,  and  only 
with  difficulty  and  after  considerable  delay  in  the  summer.  Accordingly  if  any  of 
them  deserted,  became  insubordinate,  were  taken  ill,  or  got  drunk,  the  work  was 
constantly  liable  to  serious  interruption  and  loss,  if  not  actual  stoppage.  I  was  not 
at  the  mine  myself  while  smelting  operations  were  in  progress,  but  those  were  some 
of  the  reasons  given  to  me  in  explanation  of  the  failure  of  this  apparently  feasible 
but  unsuccessful  and  costly  experiment.  Fully  alive  to  the  importance  of  being 
able  to  smelt  the  ore  on  the  spot  I  recommended  the  company  to  try  the  blast 
furnace,  using  charcoal,  which  might  have  been  easily  got  for  fuel.  But  they  had 
suffered  so  severely  from  the  unexpected  failure  of  the  Welsh  process  that  the  sug- 
gestion was  coldly  received  and  never  renewed  or  acted  upon.  About  1869  or  1870 
the  West  Canada  company  determined  to  put  up  the  necessary  furnaces  and 
apparatus  at  the  Wellington  mines  and  to  extract  the  copper  from  the  ores  by  the 
salt  process.  I  had  myself  studied  this  process  some  ^evon  years  before  as  earned  Extnotion  of 
on  tt  St.  BoUox  in  Glasgow,  and  entertained  such  a  favorable  opinion  of  it  that  Srocw^***  '^^ 
I  tried  to  raise  a  company  to  buy  the  Bruce  mines  with  a  view  to  its  employment 
there.  The  experiment  as  conducted  by  the  West  Canada  company  however  was 
not  successful.  I  have  never  heard  a  satisfactory  explanation  of  the  cause  of  this 
failure.  It  was  said  that  the  high  price  of  salt  and  the  difficulty  of  procuring 
scrap  iron,  ot  both  of  which  large  quantities  are  needed  in  this  process,  contributed 
to  its  failure.  The  establishment  of  reduction  or  copper  smelting  works  at  some 
point  between  Sault  Ste.  Marie  and  Bruce  Mines  would,  I  think,  greatly  stimulate 
and  f  ncourage  copper  mining  an  the  north  shore.  In  the  Welsh  process  of  smelt-  copper-smeltii^ 
ing  I  understand  that  about  1  to  1^  tons  of  coal  are  required  to  smelt  and  refine  on  thenortii 
the  copper  in  each  ton  of  ore.  Thus  it  would  appear  much  more  advantageous  b^^'** 
under  ordinary  circumstances  to  take  the  ore  to  the  coal  than  to  bring  the  coal  to 
the  ore.  But  in  this  case  the  circumstances  are  exceptional ;  owing  to  the  enor- 
mous quantities  of  iron  ore  and  grain  passing  downwards  from  lake  Superior 
through  the  Sault  canal  to  Cleveland  and  Buffedo  most  of  the  vessels  are  obliged 
to  return  light,  consequently  the  freight  on  coal  from  Cleveland  to  Bruce  Mines 
would  now  probably  be  less  than  one-half  that  of  the  copper  ore  going  the  other 
way.  I  am  still  strongly  of  opinion  that  some  modification  of  the  salt  process 
will  be  found  more  successful  in  the  treatment  of  our  copper  pyrites  ore  than  any 
other,  and  in  thftt  process  a  comparatively  small  quantity  of  coal  is  needed.  The  The  nit  procM^ 
process  should  be  one  adapted  to  the  treatment  of  low  grade  ores  containing  say 
from  5  to  10  per  cent,  of  copper,  or  lower  than  even  5  per  cent,  if  the  price  were 
high  enough  to  warrant  it.  Many  veins  produce  ore  which,  if  spalled  and  carefully 
picked  over,  may  be  brought  up  to  5  per  cent,  without  dressing.  If  such  ore  simply 
spalled  could  be  sold  at  some  easily  accessible  smelting  works  possessed  of  crushing 
machinery,  many  men  of  limited  means  might  be  induced  to  engage  in  mining  who 
would  never  think  of  doing  so  if  it  were  necessary  to  ere^  expensive  machinery  to 
crash  and  dress  the  ore  in  order  to  render  it  marketable.     If  I  am  not  mistiUcen 
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the  late  Sir  William  Logan,  after  a  most  careful  and  painstaking  examination  of 
the  veins  opened  at  the  Bruce  mines  in  1848,  estimated  that  there  were  some 
3,000  fathoms  in  sight  which  would  yield  something  like  26,000  tons  of  ore  con- 
taining  6|  per  cent,  of  copper  as  raised  from  the  mine  and  without  any  dressinf: 
whatever.  There  are  a  large  number  of  veins  between  Algoma  Mills  and  the  Sault 
Ste.  Marie  not  so  rich  as  those  at  the  Bruce,  Wellington  or  Huron  Copper-bay, 
but  nevertheless  capable  of  producing  a  very  great  quantity  of  low  grade  ore  sacfa  as 
I  have  mentioned.  Many,  perhaps  the  majority  of  those  veins,  will  never  be  worked 
unleis  there  be  some  copper  reduction  qjr  smelting  company  in  that  section  able 
to  smelt  or  otherwise  reduce  the  ores,  and  willing  to  contract  for  and  buy  them  in 
the  rough  state  I  have  described.  It  is  greatly  to  be  desired  in  the  interests  of 
copper  mining,  and  of  the  district  generally,  that  some  enterprising  company  may 
be  induced  to  take  the  matter  up. 

Frmik  Front — We  did  not  use  stamp  mills  at  the  Wellington  compan>  's  mines, 
aU  ours  being  crushing  mills ;  they  were  put  up  in  18G0.  Operations  were  continued 
till  1 876,  but  I  am  not  m  a  position  to  give  you  the  average  output.  We  did  our  own 
smelting.  We  smelted  all  our  precipitate  from  the  reduction  works  and  part  of  our 
sulphide.  We  shipped  our  copper  to  Swansea  in  south  Wales.  Operatidns  were  dis- 
continued on  account  of  depression  in  the  copper  market.  We  used  coal  for  our 
smelting  ;  it  cost  us  about  $5.25  a  ton,  I  suppose  about  the  same  price  as  it  is  now. 
I  do  not  think  there  is  any  intention  of  resuming  operations  again.  While  the 
market  wa^  good  it  piid  Rood  dividends.  We  based  our  calculations  on  4^  percent, 
copper  ;  that  is  the  average  we  rati  through  the  crusher.  The  best  was  shipped  to 
Swansea  and  contained  lOJ  per  cent.  The  whole  run  of  the  mine  was  4J  per  cent. 
Copper  to  pay  should  be  worth  from  17  to  18  shillings  the  unit  of  112  It).  ;  it  went 
down  to  7  shillings  the  unit.  We  had  very  little  trouble  with  water,  three  hours 
pumping  a  d  ly  would  keep  the  mine  dry.  We  had  no  trouble  in  getting  labor  We 
employed  from  140  to  200  skilled  miners  and  about  140  surface  laborers  besides. 
Miners  were  paid  J36  a  month  ;  they  worked  by  contract.  Surface  laborers  got  $1 
to  91-40  per  day.  Lab  )r  at  the  present  time  I  think  is  about  the  same  as  then.  Our 
chemical  works  were  only  in  operation  a  couple  of  years,  from  1871  to  1873.  When 
copper  commenced  to  fall,  and  wo  were  about  closing  down,  the  chemical  works 
were  the  most  expensive  and  were  closed  first. 

W.  H.  Plummer — When  the  Bruce  mines  were  at  their  best  they  gave  support 
to  about  3.000  persons,  one  way  and  another.  Fur  the  wet  proceJ»s  at  the  Welling- 
ton mines  I  think  a  little  over  8100,000  was  invested.  I  think  the  reason  it  did  not 
suceed  was  that  it  was  badly  managed,  and  on  account  of  the  cost  of  material  it 
could  not  pay  to  treat  low  grade  ores.  Besides,  there  was  great  waste.  I  think  the 
reason  the  old  system  of  smelting  did  not  succeed  was  that  they  had  not  the  proper 
men  to  look  after  it. 

Dr.  Edward  Peters^  jr.  — 1  am  manager  of  the  works  of  the  Canadian  Copper  Co. 
I  was  educated  as  a  metallurgist  at  the  universitv  of  Freiburg,  graduated  at 
twenty  and  came  to  Colorado,  where  after  a  time  I  obtained  the  position  of  govern- 
ment assay er.  Since  then  I  have  had  a  large  experience  in  my  profession  in 
different  parts  of  the  States  and  have  been  engaged  to  plan  works  in  Portugal  and 
Hungary.  The  company  here  has  not  yet  attempted  to  treat  the  ores,  but  about 
3,000  tons  have  been  sent  to  be  treated  elsewhere.  This  combination  of  nickel  and 
opper  has  not  been  met  with  before  in  such  quantities  as  to  require  separaMon  in 
a  wholesale  way.  The  only  case  of  the  kind  in  America  is  the  Gap  mine  in  Penn- 
sylvania, and  there  they  use  the  old  European  way  of  dissolving  in  acids,  which 
would  never  do  in  our  case.  The  process  for  the  treatment  of-our  copper  ores 
which  I  approve  of  is  the  old  German'  blast  furnace  method,  greatly  modified  to  suit 
American  ideas  and  conditions.  We  first  sort  the  ore,  break  it  to  the  proper  size 
and  pile  it  upon  wood  in  large  heaps,  settinpj  fire  to  the  wood.  It  bums  for  two  or 
three  months,  sending  off  the  sulphurous  acid  gas  till  about  three-fourths  of  the 
sulphur  is  gone  ;  then  the  ore  that  originally  carried  35  per  cent,  or  40  per  cent, 
should  come  out  with  4  per  cent,  or  5  per  cent  The  iron  is  changed  into  oxide  of 
iron,  and  is  virtually  just  like  common  iron  ore  ;  it  has  lost  its  sulphur'  and  taken 
oxygen  instead.  The  ore  is  then  put  into  the  blast  furnace  on  the  same  principle 
as  pig  iron,  and  the  sulphur  cooibines  with  the  metallic  constituents  which  form  Uie 
matte.  The  composition  of  the  matte  may  be  30  per  cent,  sulphur,  20  per  cent, 
nickel  and  20  to  25  per  cent,  copper.  If  too  much  sulphur  is  kept  in  the  roasted 
ore  it  takes  up  iron  ;  our^bject  therefore  is  to  roast  the  ore  as  thoroughly  as  we 
can,  there  being  always  enough  left  to  take  up  the  nickel  and  the  oopper.    Six  tons 
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of  ore  will  produce  one  to  i  of  matte.     We  are  not  yet  in  a  position  to  say  which  of 

our  mines  is  the  most  valuable,  but  as  they  now  look  I  think  the  Evans  promises  to  Competition  of 

be  better  than  any  we  have.     It  carries  about  the  same  amount  of  metal  as  the  '^^*°'  ™  °*  **"^ 

other  mines,  but  there  is  more  massive  ore  and  apparently  a  larger  body  of  it.     I 

think  the  Evans  will  show,  taking  the  average  of  the  whole  mass  Si  per  cent. 

nickel,  3  per  cent,  copper,  40  per  cent,  iron,  and  23  or  24  per  cent,  sulphur  ;  that  smelling  works 

is  about  70  per  cent,  metal  and  the  rest  rock.     I  consider  the  company  justified  in  Justified  by  the 

putting  up  large  works  and  so  advised  them  this  spring.     I  generally  only  advise  P'^'P^^* 

the  erection  of  a  furnace,  etc.,  when  I  see  enough  ore  mined  to  pay  for  expenses  Reflnlofftbo 

and  the  erection  of  the  furnace  ;  that  is  the  case  here.     We  shall  have  to  get  the  matte. 

matte    refined  elsewhere.        The  sending  of  a  large  quantity  of  matte  into  the 

States  has  never  yet  been  tested,  but  Americans  are  so  much   more   ready  to  alter 

their  plant  and  undertake  any  new  thing  of  the  kind  than  Euroi^^eans  that  I  think 

we  shall  be  able  to  do  better  in  the  United  States.     I  think  wc  can  dress  a  good 

deal  of  our  ore  to  20  per  cent.     Speaking  in  n  wholesale  way  I  think  it  will  show 

about  2 1  per  cent,  nickel  and  3  per  cent,  copper ;  that  is,  as  it  is  mined.     The 

Newfoundland  ore  is  something  similar  to  ours,  but  does  not  contain  any  nickel 

that  I  am  aware  of.     Before  I  came  here  I  understand  so  ne  three  shipments  were 

nukde,  one  of  which  went  to  England  and  the  others  to  ihe  Stales.     In  shipping  to  Shiomenteof  or^ 

England  I  do  not  understand  that  it  was  the  intention  of  the  company  to  be  at  all       ^^i^***- 

influenced  by  the  result  of  the  smelting  there.     The  charges  were  so  exorbitant  on 

the  other  side  that  the  company  did  not  realise  a  dollar  a  ton  on  the  shipment  to 

Swansea.     The  ore  contained  12  per  cent,  copper  and  $35  to  the  ton  of  nickel.  An  exorbitant 

They  allowed  nothing  for  the  nickel  ;  the  shipment  was  1,000  tons  and  that  was  Sjf*  orsme 

$36,000  the  company  got  nothing  for.     A  large  quantity  of  what  was  shipped  was 

from  the  Cooper-cliff,  and  we  figured  up  what  they  charged  on  the  other  side  at 

the  rate  of  850  a  ton.     Our  eastern  men  charge  only  $10  a  ton.     I  consider  the 

Swansea  charges  most  exorbitant.     The  ores  here  are  low  grade,  but  I  consiiter  it 

pays  better  to  work  large  bodies  of  low  grade  ores  as  we  can  figiure  exactly  what 

we  can  do.     The  ore  throughout  the  country  is  about  the  same  as  far  as  I  have 

seen.     Whether  it  would  pay  for  copper  alone  would  be  a  toss-up  ;  if  coke  could  be  2nd*smeUinff  ' 

fot  at  $ii  a  ton,  with  good  management  a  reasonable  dividend  might  be  paid, 
lining  would  cost  about  $2  a  ton,  breaking  30  cents,  calcining  50  cento,  and 
smelting  into  matte  $2.50  ;  that  is  assuming  a  large  quantity  to  be  treated  ;  a  small 
quantity  would  be  proportionately  higher.     A  ton  of  matte  containing  25  per  cent.  Copper, 
copper  (500  It). )  would  oe  worth  from  $4U  to  $45  in  the  United  States  market  ;  that 
is  taking  into  account  the  duty,  but  not  the  transport.     If  we  were  smelting  for 
copper  we  would  use  ore  with  a  higher  percentage  of  copper.     The  present  price    .  . 
of  nickel  is  65  cents  a  pound.    I  consider  the  price  high  and  think  if  it  were  25  cents        *  * 
or  30  cents  it  would  be  much  more  used.     The  total  annual  amount  now  used  in 
the  world  does  not  exceed  1,000  tons,  and  that  is  principally  used  for  plating.     I 
think  we  will  be  able  to  sell  it  with  a  handsome  profit  at  25  cents  or  30  cents.     I 
think  the  company  has  sufficient  stock  of  ore  on  hand  to  represent  every  cent  they 
have  Bpent  here,  and  to  build  the  smelting  works.    Of  course  that  is  only  an  opinion, 
but  it  IS  based  on  pretty  good  evidence.    I  have  not  yet  had  much  to  do  with  arsenical  Treatment  of 
gold  ores.      I  understand  however  there  is  not  much  dfiiculty  in  getting  rid  of  the  JJJ*°****  ^^^ 
arsenic  ;  the  arsenic  being  extracted  leaves  the  ore  very  much  as  the  ores  here  after 
roasting.     The  ore  could  then  be  smelted  in  a  big  furnace  for  about  $2  or  $2.50  a 
ton.  and  all  the  gold  would  be  in  the  iron  matte.     That  matte  would  be  very  sale- 
able ;  almost  the  full  value  of  the  gold  would  be  paid  to  get  it  for  flux. 

H.  P,  Mcintosh — Until  recently  we  have  had  no  experience  in  smelting  our  •* 

ores  in  Canada,  but  we  have  had  large  quantities  smelted  in  New  York,  where  it 
was  successfully  done.  Within  the  last  thirty  days  we  have  started  a  furnace  at  ludbury! 
Sudbury,  which  is  reducing  the  ore  to  matte  very  successfully.  The  process  is 
successful  in  separating  the  copper  from  its  associated  minerals  in  the  ore  as  far  as 
we  attempt  to.  The  minerals  contained  in  this  ore  are  copper,  iron,  nickel  and 
sulphur,  the  relative  proportions  of  which  vary  very  widely,  and  their  economic 
value  depends  upon  the  percentages  of  the  saleable  product  and  the  market  value 
of  the  same.  It  would  be  impossible  to  fix  an  arbitrary  value  per  ton  upon  these 
minerab  in  the  ground.  Our  smelter  consists  of  a  105-ton  steel  water-jacketed 
furnace,  together  with  the  necessary  engines,  pumps,  blowers,  etc.  to  run  the  same. 
Perha])s  about  one-half  of  the  machinery  was  purchased  in  Canada  and  the 
remainder  in  the  United  States.  Yet  we  will  say  that  we  give  your  country  the 
preference  in  purchasing  machinery  there  when  we  can  get  it.  There  are  a  great 
many  things  though  in  connection  with  the  development  of  a  mine  that  are  not  oxx 
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your  side.     The  furnace  was  purohaaed  from  pariiea  in  thia  country  (U.S.),  but  waa 
made  at  Sherbrooke,  Quebec.     It  ia  difficult  to  get  miaers  and  laborera  at  Sudbury 
^bor  and  ^^  account  oF  the  isolated  position  of  the  mines.     The  men  employed  are  largely 

Cornish  and  Welsh,  and  are  paid  monthly  in  cash.    Following  is  the  rate  of  wages 

Mining  captain  $145  00  per  month.  Watchman $1  75  per  day. 

AMistant  captain 90  00          *'  Engineer 2  00 

MaHter  mechanic 100  00          **  Machinist 2  25 

Teamster 45  00          "  Pumpman 2  00 

Drill  ronnerB 2  10  per  day.  Fitter 2  00 

Miners 1  75        "  Fireman 1  50 

Labon-Ts 160        *'  Blacksmith.... 2  50 

'foreman 2  00        *'  Assistant  blacksmith 175 


SECTION  VI. 

m 

IVIEASURES    FOR   AIDING   AND    ENCOURAGING    MINERAL 

DEVELOPMENT. 

It  will  always  perhaps  be  a  moot   point   how  far  the  government  or 
legislature  of   the  province  ought  to  go  in  aiding  and  encouraging  a  develop- 
ment of  its  mineral  resources.     The  extreme  view  on  one  side  would  be  that 
government  ought  to  pursue  a  course  of  passivity,  leaving  the  beneficent  order 
•of  nature  free  in  its  operation ;  while  the  extreme  view  on  the  other  side  lerTice  in  pro* 

.....  1  1  naotinjf  the  4€« 

would  be  that  government  ought  to  nationalise  the  mines  and  operate  them  veioyaiADi  of 
for  the  good  of  the  people.  Probably  the  true  policy  lies  between  the  two  aourcet. 
•extremes,  but  it  is  the  opinion  of  the  Commissioners  that  valuable  service 
may  be  rendered  by  the  government  in  at  least  four  ways,  viz. :  (1)  by  pro- 
curing to  be  made  a  geological  survey  of  the  province,  with  particular 
reference  to  its  economic  minerals ;  (2)  by  establishing  a  museum  of  minerals 
and  mineral  products ;  (3)  by  collecting  and  publishing  yearly  statistics 
•of  the  mining  and  metallurgical  industries  of  the  province ;  and  (4)  by  making 
provision  for  the  education  of  students  to  qualify  them  for  engineering  and 
metallurgical  pursuits,  and  for  the  practical  instruction  of  persons  engaged 
in  the  mining  industry. 

A    PROVINCIAL    BUREAU    OF    MINES. 

A   popular  misunderstanding  frequently  exists  as  to   the   nature   and 
-utility  of  a  geological  survey,  and  it  may  be  as  well  to  explain  that  the  Method  of 
purpose  of  such  a  survey  is  mainly  to  facilitate  the  development  of  its  mineral  theobject.  "' 
resources.     The  best  method  of  accomplishing  this  is  not  to  set  about  an 
indiscriminate  and  unsystematic  search  for  minerals,  but  to  find  out  the 
•extent,  geological  age,  geographical  distribution,  mineral  characters,  etc.,  of 
iihe   different   rook-formations,   and   then  by   analogy   on   comparing   these 
various  formations  with  those  of  countries  already  geologically  surveyed,  and 
in  the  light  of  past  experience  in  all  parts  of  the  world,  we  ascertain  what  M«thodi  of 
minerals  may  be  looked  for  among  our  own  rocks.     We  o-lso  ascertain  by  this  ^p*"*^"*- 
means  which  formations  are  probably  destitute  of  useful  minerals.     While 
making  suoh  a  survey  the  geologist  will  of  course  keep  a  sharp  look-out  for 
•all  indications  of  valuable  minerals,  and  will  examine  carefully  the  geological 
relations  of  such  as  may  be  discovered  by  others.     Should  some  formation 
prove  rich  in  a  certain  useful  mineral,  if  we  have  traced  out  its  boundaries  or 
its  geographical  distribution,  we  know  at  once  the  limits  of  the  most  promis- 
ing ground  to  explore.     If  we  know  further  the  particular  conditions  under 
which  such  mineral  occurs  within  this  formation,  our  field  of  search  is  greatly 
narrowed  and  the  chances  of  success  are  correspondingly  increased. 
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In  most  of  the  states  of  the  American  Union  geological  surveys  of  a 
v^i^Uie  "^  more  or  less  efficient  character  have  been  made,  and  for  many  years  similar- 
United  StotM.     surveys  were  carried  on  under  different  heads  in  the  western  territories.      It 
was  found  however    that  theKA  numerous  independent  surveys  were  giving 
rise  to  great  confusion  in  geological  nomenclature  and  map-making,  and  it 
was  becoming  more  and  more  difficult,  especially  for  oucaiders,  to  correlate 
the  rocks  of  the  several  states  and  territories.     Under  these  circumstanoes 
the  central  government  a  few  years  asfo  very  wisely  uudertook  a  general 
geological  survey  of  the  whole  country,  leaving  the  individual  btates  free,  if 
so  disposed,  to  carry  on  their  own  surveys  as  before.      In  Canada  we  had' 
begun  this  work  in  the  reverse  and  more  systematic  order,  by  making  the- 
general  survey  first.     The  geological  survey  of  old  Oanada  was  commenced  by 
the  late  Sir  William  Logan  in  1843,  and  at  the  time  of  Oonfederation  it  waa 
^  extended  under  the  same  able  director  to  the  whole  Dominion.      As  a  result 

Surveying  oper 

^D*in  we  have  now  a  sufficient  general  knowledge  of  the  geological  features  of  the 

country  from  the  Atlantic  to  the  Pacific,  and  a  uniform  system  of  classifica- 
tion and  nomenclature  of  the  rocks  has  been  established.  But  the  time  seema. 
to  have  come  when  each  province  should  undertake  a  more  detailed  and  atili*' 
tarian  survey  of  its  own.  In  the  province  of  Ontario  at  all  events  our  min^ 
eral  wealth  has  been  proved  to  be  of  such  importance  as  to  abundantly  warrant- 
this  undertaking,  with  every  pro3()ect  of  its  provring  a  highly  profitable- 
investment  for  the  country. 

When  the  geological  survey  of  old  Canada  was  began  the  main  object 
which  the  public  and  the  legislature  had  in  view  was  clearly  the  investiga- 
tion and  development  of  the  mineral  wealth  of  the  country,  but  latterly   thia- 

Original   object  primary  aim  has  been  subordinated  to  other  objects.     Under  the  old  resioie- 

of  tne  Canadian  *^  -^  •*  " 

•urvey.  a  fair  general  knowledge  of  the  geology  of  the  greater  part  of  Upper  C<iiQad^ 

had  been  arrived  at.  Since  Oonfederation  however  a  much  smaller  propor- 
tion of  the  work  of  the  general  geological  survey  of  the  Dominion  has  beea 
devoted  to  Ontario,  notwithstanding  the  fact  that  the  sum  now  annually 
appropriated  for  this  service  is  more  than  five  times  greater  than  was  the 
average  yearly  grant  before  Confederation,  and  of  which  this  province  most 

Ontario'!  share  .,  ,  i     i-  rwii  .      i  ■  ■ 

of  the  eervice.  contribute  at  least  one-half.  Thus  it  happens  that  at  present  there  are 
numerous  districts  of  great  economic  importance  in  which  little  or  no  detailed 
work  has  been  done,  and  in  res^ard  to  which  very  little  systematic  informatioa 
is  available. 

it  is  a  curious  anomaly  that  whL'e  the  mineral  lands  belong  to  the  pro-^ 
vince,  and  the  existing  geological  survey  is  largely  paid  for  by  its  people,  yet 
its  government  has  no  control  over  the  institution  supposed  to  exist  to  a 
great  extent  to  promote  their  development.      If    therefore  the    geological 
imporunce  of    survey  carried  on  at  the  public  expense  is  to  be  utilised  for  the  development 
control.  of  the  mineral  resources  of  Ontario,  it  appears  likely  that  it  must  be  under 

the  control  of  its  own  government.  The  officers  of  such  a  survey  could  be 
directed  to  thoroughly  examine  and  report  on  any  district  where  valuable 
minerals  might  be  discovered  or  where  they  are  already  known  to  occur.  In 
this  way  an  immediate  and  practical  local  service  could  be  obtained  by  the 
government  whenever  required  in  the  public  interest  withou^t  interfering  with 
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the  general  plan  on  which  its  operations  might  be  carried  on.  This  rai;;ht 
often  prove  of  great  importance  in  promoting  the  speedy  development  of  new 
and  promising  districts,  increasing  revenue  and  carrying  out  the  government 
policy,  whereas  at  present  no  such  assistance  is  available.  The  crown  lands  ^JT?*?!? 
and  crown  timber  of  the  province  are  important  sources  of  revenue,  and  the 
government  has  a  staff  of  officers  conducting  the  business  of  the  depart- 
ment. The  mineral  resources  o!  the  province  if  not  already  equally  import- 
ant as  a  means  of  income  might  be  made  so,  and  at  any  rate  they  are  of 
great  moment  to  the  community,  and  therefore  might  with  equal  advantage 
be  placed  in  charge  of  separate  officers  connected  with  a  bureau  of  mines. 

The  ordinary  work  of  the  provincial  bureau  or  geological  survey  might  con-  propoMd  wotk« 
sist  in  the  systematic  investigation  and  mapping  of  one  district  at  a  time,  with, 
special  reference  to  its  economic  minerals.  Besides  mapping  out  the  geology 
of  the  metalliferous  districts  the  officers  of  such  a  bureau  would  enquire  into- 
and  fully  report  upon  such  subjects  as  our  [petroleum  and  natural  gas  fields, 
salt  and  gypsum  deposits,  building  and  ornamental  stones,  brick,  tile  and 
terra-cotta  clays,  limes  and  cements,  peat  and  lignite,  shell  marl  and  phos- 
phates, flagstones  and  slates,  grinding  and  polishing  materials,  mouMiug  sands^ 
and  materials  for  glass-making,  etc.  A  study  of  the  superficial  deposits  would 
also  be  of  importance  not  only  in  relation  to  agriculture,  but  in  regard  to 
questions  affecting  wells  and  water  supply.  Information  is  often  required  in 
*  connection  with  obtaining  supplies  of  water  by  boring  into  the  solid  rock,  and 
valuable  advice  in  this  line  might  be  obtained  through  the  proposed  bureau. 

A  practical  bureau  of  mines  of  this  character  might  be  the  means  of 
furmshing  the  provincial  government  with  much  valuable  information  on  ^^S!  ^^"^ 
other  than  strictly  geological  matters,  such  for  example  as  whether  a  new 
district,  which  it  might  be  proposed  to  lay  out  into  townships,  was  too  rocky 
for  agricultural  purposes  or  whether  the  soil  might  be  only  fit  for  the  support 
of  timber  and  the  district  incapable  of  being  converted  into  a  successful  agri- 
cultural settlement  Reports  could  be  made  on  the  soil  as  well  as  the  rocks 
of  each  particular  area  examined  in  new  districts.  Incidentally  information 
could  also  be  furnished  without  additional  cost  on  such  subjects  as  timber, 
fisheries,  etc. 

It  should  not  be  forgotten  that  it  is  often  almost  as  important  for  the 
government  and  the  public  to  know  what  districts  or  formations  are  desti-  Ste oiminenS." 
tute  of  valuable  minerals  as  those  which  contain  them.  This  can  only  be 
ascertained  by  intelligent  investigation,  and  such  knowledge  often  prevents 
disappointment  and  the  waste  of  large  sums  of  money.  It  has  been  estimated 
that  in  Great  Britain  the  money  saved  from  the  indiscriminate  and  fruitless  >*on«y  ■•▼•<i. 
search  for  coal  alone  where  there  could  be  no  hope  of  finding  it,  such  as  had 
formerly  gone  on,  has  been  more  than  sufficient  to  pay  the  whole  cost  of  the 
exhaustive  geological  survey  of  the  kingdom. 

For  the  above  reasons  and  others  about  to  be  stated  the  Commissioners 
would  recommend  the  establishment  of  an  economic  bureau  of  mines  for  the  bum  of  mUiet. 
province  in  connection  with  the  department  of  crown  lands  or  that   of  agrL 
culture,  to  be  under  the  management  of  an  officer  who  might  be  called  the  direc- 
tor of  such  bureau  or  the  chief  inspector  of  mines.     In  some  of  the  other  pro- 
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vinces  of  the  Dominion,  as  well  aa  in  India  and  in  various  British  colonies, 
inspectors  of  mines  have  been  employed  for  years  as  indispensable  officers  <^ 
the  respective  governments.  Ck>nsidering  the  extent,  population  and  wealth 
of  Ontario,  and  the  importance  of  her  vast  mineral  resources,  the  appointment 
of  such  an  officer  and  the  independent  investigation  of  these  resources  appear 
to  be  urgently  called  for  at  the  present  stage  of  our  history. 
Oontributiont  to  While  the  first  and  main   object  of  the  bureau  of  mines  for  Ontario 

CMicvical  here  recommended  would  be  to  ascertain  and  make  widely  known  the  min- 

eral  wealth  of  the  province,  the  keeping  of  this  object  constantly  in  view  need 
not  impair  its  usefulness  also  as  a  scientific  institution,  contributiog  its  share 
to  the  sum  of  geological  knowledge  which  every  civilised  community  should 
aim  to  advance. 

The  rapid  development  of  our  mineral   resources   is   the   best  means 
MeMwoiiner«M-  which  remains  for  increasing  the  wealth  of  the  people  of  this  province.     By 


Jrtiie  dttuntry.  promoting  this  we  will  attract  capital  from  without,  encourage  the  manufac- 
ture of  machinery  in  the  province,  thereby  increasing  the  consumption  of 
iron  and  steel,  give  employment  to  a  larger  population,  which  would  in  its 
turn  consume  our  manufactured  goods,  agricultural  produce  and  lumber.  An 
increased  mining  industry  would  in  fact  become  the  completement  of  the 
agricultural,  manufacturing  and  lumbering  industries.  The  railways  and  the 
shipping,  too,  would  be  specially  benefited.  In  the  United  States  and  vari- 
ous European  countries  the  carrying  of  minerals  is  depended  upon  by  the  rail-* 
Importance  to  ways  as  one  of  their  chief  means  of  support,  and  it  is  said  that  without  this 
branch  of  their  business  few  of  the  leading  railways  in  Britain  or  the  northern 
states  would  pay  at  all.  The  most  legitimate  means  by  which  people  can 
really  enrich  themselves  is  to  extract  wealth  from  mother  earth  directi  and 
the  mineral  resources  of  Ontario  are  no  doubt  destined  to  become  one  day  our 
chief  reliance  for  this  purpose.  Some  of  the  others,  such  as  the  timber  and 
the  fisheries,  must  in  the  very  nature  of  things  decrease,  while  in  this  we 
have  a  means  of  constant  increase  and  apparently  unlimited  possibilities. 

The  geologist  or  inspector  of  mines  should  be  well  versed  in  the  geology 
^^^oSSS°*  *'  ®^  *^®  province,  and  should  have  a  sufficient  knowledge  of  mines  and  mineral 
oOimr,  deposits  in  general  to  enable  him  to  give  useful  advice  when  desired  to  those 

actually  engaged  in  mining,  or  to  persons  proposing  to  work  undeveloped  pro- 
perties. From  his  responsible  office  and  neutral  position  such  advice  would 
naturally  carry  more  weight  than  that  of  experts  employed  as  special  pleaders, 
no  matter  how  well  qualified  they  might  be. 

Persons  unfamiliar  with  minerals  are  often  dazzled  by  bright  appearances 
wkiohke  might  or  fancied  resemblances  to  rich  ores  they  have  seen  elsewhere,  and  are  thus 
"**  tempted  to  spend  money   on  worthless  property,  or  at  any  rate  in  having 

expensive  analyses  made,  which  could  be  easily  saved  by  applying  to  a  respon- 
sible person  who  had  nothing  to  gain  by  encouraging  their  erroneous  noticms 
«nd  who  was  to  be  depended  upon  to  tell  them  the  truth.  The  greatest  curse 
•of  mining  in  Ontario  has  been  the  custom  of  persons  who  owned  lands  or  who 
liad  taken  up  'mininc^  locations'  and  (because  they  happened  to  own  them) 
endeavoring  by  every  kind  of  means  to  create  the  belief  that  they  were  mines, 
irrespective  of  the  fact  that  they  were  not  intended  for  such  by  nature.     Tfaa 


Equipment  ol 


411 


efforts  of  these  promoters  would  be  much  better  directed  if  they  were  to  spend 
a  corresponding  amount  of  labor  in  endeavoring  to  find  a  real  mine,  for  which 
our  practically  unlimited  mineral  lands  afford  them  excellent  opportunity. 

The  chief  of  the  bureau  should  be  able  to  explain  to  applicants  the  uses  and 
Talues  of  any  economic  minerals  which  they  may  have  discovered,  and  also  UMoiDoe.' 
where  to  find  a  market  for  them.  His  offices  should  be  well  provided  with 
general  and  local  geological  maps,  sections,  diagrams,  etc.,  as  well  as  plans  and 
sections  of  all  existing  mines ;  and  he  should  take  care  to  procure  and  preserve 
drawings  of  all  new  workings  for  future  reference,  in  case  they  may  be  required 
in  the  subsequent  working  or  re-opening  of  the  mines  they  refer  to.  A  want 
has  been  felt  for  such  documents  in  all  old  mining  countries,  and  already  in 
several  cases  even  in  this  province.  Mineral  statistics  of  all  kinds  should 
also  be  collected  every  year,  and,  correct  tables  and  explanations  with  regard 
to  them  should  be  published  annually.  A  vast  amount  of  mining  information 
well  worth  putting  on  record  is  now  available  from  various  sources. 

The  headquarters  of  the  provincial  geological  survey  would  thus  become 
an  important  bureau  of  information  on  all  points  in  relation  to  the  mines  and  ioformfttlon. 
minerals,  and  indeed  of  all  the  material  resources  of  Ontario.  Should  any 
•question  arise  on  which  the  government  might  require  information  concerning 
the  minerals  of  the  country  it  would  here  have  at  hand  an  immediate  means 
of  reference  such  as  is  not  now  available.  A  want  is  also  felt  at  the  present 
time  for  a  central  means,  such  as  this  would  be,  for  the  distribution  of  reli- 
able or  official  information  in  the  United  States  and  Europe  regarding  the 
great  mineral  riches  of  the  province.  In  addition  to  frequent  reports,  the 
director  might  give  the  public  the  benefit  of  his  knowledge  and  experience 
through  the  medium  of  lectures  delivered  occasionally  in  the  principal  centres 
of  population  or  in  the  mining  districts  in  a  manner  similar  to  that  which 
has  been  adopted  by  professors  of  the  agricultural  college  under  the  scheme 
of  farmers  institutes. 

The  value  of  a  geological  survey  to  the  province  is  very  ably  stated  in 
the  evidence  of  Mr.  Walker,  general  manager  of  the  Canadian  Bank  of  Com- 
merce, appended  to  this  Section. 

A  PROVINCIAL   MUSEUM. 

One  chief  reason  why  the  development  of  our  mineral  wealth  has  not 
been  more  rapid  heretofore  is,  that  only  the  most  empirical  kind  of  know-  value  of  know 
ledge  was  possessed  by  most  of  the  pioneer  explorers.  Of  course  nothing  else  minena 
was  to  be  expected.  Neither  European  nor  Canadian  settlers  of  the  agricul- 
tural class  were  likely  to  possess  even  the  rudiments  of  such  technical  acquire- 
ments in  mineralogy  as  might  enable  them  to  distinguish  ores,  far  less  the 
knowledge  that  would  enable  them  to  determine  the  existence  of  minerals  in 
paying  or  non-paying  quantities  as  indicated  by  the  character  of  the  deposit 
and  the  accompanying  geological  conditions.  There  are  few  pursuits  more 
fascinating  than  that  of  the  search  for  minerals,  especially  the  precious  metals, 
and  too  often  it  has  proved  illusory,  and  worse,  when  carried  on  by  persons  of 
the  kind  referred  to,  who,  having  picked  up  a  little  knowledge  relative  to  the 
appearance  of  this  or  that  ore,  become  infatuated  with  a  desire  to  attain  wealth 
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at  a  stroke,  and  thus  bring  themselves  and  their  families  to  poverty  and  render 
life  miserable  in  search  of  the  impossible.  On  the  other  hand  it  has  frequently 
been  the  case  that  comparative  riches  have  lain  within  the  grasp  of  a  man  who 
Was  totally  unable  to  perceive  the  value  of  what  he  daily  trod  over.  It  is  there- 
fore advisable  that  steps  should  be  taken  to  educate  the  masses  in  some  degree^ 
and  to  attract  the  attention  of  outsiders, — foreign  capitnlists,  prospectors^ 
scientists,  miners  and  manufacturers — to  the  mineral  resources  of  Ontario^ 
and  to  have  a  representative  collection  of  them  available  for  reference  at  the 
most  central  place  possibla 

The  great  exhibition  of  1851  first  taught  how  much  good  might  result 
from  national  as  well  as  from  local  and  individual  displays.  Similar  inter- 
national fairs  iu  both  £iirope  and  America  have  but  added  force  to  the  origi- 
nal lesson,  and  the  very  last  in  the  series,  that  held  at  Cincinnati  during  the 
last  summer,  has  been  the  means  of  attracting  marked  attention  to  our  pro- 
vince and  its  mineral  wealth.  So  direct  and  so  far-reaching  were  the  reaulta 
arising  from  the  Hyde  Park  exhibition  in  London  that  a  pei^nanent  establish- 
ment of  a  popularly  technical  character  has  ever  since  been  maintained  at 
Kensington.  In  every  European  capital  and  in  hundreds  of  other  European 
large  cities,  as  well  as  in  Washington,  Philadelphia,  New  York,  Boston  and 
other  places  in  the  United  States,  there  are  excellent  museums  of  an  instruc- 
tive kind.  In  every  state  capital  of  the  United  States  there  is  a  collection 
illustrative  of  the  local  mineral  resources  in  connection  with  the  various  state 
geological  surveys.  At  Ottawa  it  is  true  Canada  is  pretty  thoroughly  repre- 
sented geologically  and  mineralogically,  but  this  province  is  of  sufficient 
importance  to  have  individual  representation  in  its  own  capital  for  the  benefit 
of  its  own  people,  as  well  as  for  that  of  the  hundreds  of  thousands  who  annually 
visit  us  from  all  parts  of  Europe  and  America.  The  facilities  for  the  forma- 
tion of  a  museum  in  Toronto  are  unsurpassed  in  any  country.  Already  morei 
than  a  nucleus  exists  in  what  is  in  possession  of  the  government  as  exhibited 
at  Cincinnati,  besides  the  specimens  collected  by  the  Mining  Commission. 
Indeed  all  this  material  has  been  left  with  the  government  by  the  individual 
exhibitors  for  the  purpose  of  being  placed  in  a  permanent  mineralogical 
museum,  as  was  intimated  to  them  by  circular  to  be  the  intention.  But 
besides  specimens  of  ores  and  minerals  and  the  rocks  in  which  these  occur,  the 
museum  should  also  oohtain  a  full  collection  of  products  illustrative  of  the 
various  stages  in  metallurgical  processes.  This  is  an  essential  feature  of  a 
museum  whose  purpose  is  to  inform  and  educate,  and  to  students  of  miner- 
alogy it  would  possess  great  value. 

Intimately  associated  as  the  educational  system  ot  the  province  is  with 
our  governmental  machinery,  it  would  be  an  easy  matter  to  supply  from  the 
superabundance  of  material  to  all  the  leading  schools  and  local  museums  typi- 
cal specimens  of  rocks  and  ores.  Already  there  is  a  sufficient  quantity  of 
copper,  zinc,  iron,  barytes,  gypsum  and  other  minerals  for  this  purpoae. 
Every  mechanics'  institute  might  be  supplied  and  specimens  could  even  be 
furnished  to  important  private  or  denominational  seminaries,  on  condition  (as 
is  demanded  by  the  Geological  Survey  authorities  at  Ottawa)  that  they  should 
in  no  sense  be  regarded  as  individual  property  and  that  they  be  placed  oa 


413 


'exhibition  in  suitable  cases.     In  a  few  years  it  would  be  found  by  this  means 

tliat  the  popular  knowledge  of  our  minerals  would  have  greatly  increased  and  p^J^cai " 

na  incentive  to  study  would  be  offered  to  those  whose  tastes  might  run  in  *°"*™^*^o"- 

that  direction,  the   capabilities  of  the  country  would  become  more  widely 

known,  the  capitalist,  prospector  and  scientist  would  be  especially  assisted, 

and  material  benefit  would  be  the  natural  result. 

There  seems  to  be  no  reason  why  the  formation  of  such  a  collection  should 
be  delayed.  Awaiting  the  preparation  of  room  to  contain  the  exhibit  per- 
manently, the  work  of  getting  together,  assorting,  classifying  and  labelling 
could  now  be  going  on,  so  that  without  loss  of  time  the  products  of  our  mines, 
quarries  and  deposits  of  all  kinds  may  be  on  exhibition.  We  want  the  world 
to  see  our  granites,  marbles  and  serpentines,  both  polished  and  in  the  rough, 
our  fine  sandstone,  freestone  and  limestone,  our  gypsum  and  phosphate,  our 
iron,  copper,  gold  and  silver  ores,  with  our  petroleum,  salt  and  marl,  and  all 
other  minerals  and  mineral  products  of  the  country.  Topographical  and 
geological  maps  and  sectional  drawings  might  also  be  hung  in  the  museum  or 
kept  for  reference. 

MINING    STATISTICS. 

In  the  first  report  of  the  United  States  geological  survey,  made  to  the 
secretary  of  the  interior  by  director  Clarence  King  in  1880,  the  utility  of  utility  of  min- 
mining  statistics  is  briefly  but  cogently  discussed.  The  resources  of  that 
country  are  vast  and  great  progress  has  been  made  in  their  development, 
but  at  the  time  Mr.  King  wrote  nothing  was  definitely  known  of  the 
mining  industry  excepting  such  information  as  had  been  gathered  and 
published  once  every  ten  years  by  the  officers  of  the  census.  Private 
citizens  could  only  hope  with  great  difficulty  to  procure  the  data  of  a  single 
product,  and  even  where  private  associations  were  formed  for  the  purpose, 
8uch  as  the  Iron  and  Steel  Association,  their  work  was  fragmentary  and 
imperfect,  and  it  was  made  to  serve  their  own  rather  than  any  public  ends. 
Looking  at  the  subject  in  this  view,  Mr.  King  made  the  followii3g  observa- 
tions on  the  importance  of  ihining  statistics : 

As  a  direct  result  of  the  size  of  the  country,  the  government  and  people  have 
long  been  uninformed  as  to  our  primary  industries  ;  those,  I  mean,  which  yield  the 
raw  materials — mineral,  vegetable  and  animal. 

To  the  agricultural  department  we  owe  the  first  reforms  from  this  condition  of 
wide-spread  i^iorance.  lu  the  realm  of  mineral  productions  the  only  efforts  made 
to  acquire  any  positive  knowledge  have  been  the  highly  useful  but  feebly  endowed 
works  of  the  late  mining  commissions,  whose  investigations  were  suffered  to  end  for 
lack  of  appropriations. 

Today  no  one  knows,  with  the  slightest  approach  to  accuracy,  the  status  of 
the  mineral  industry,  either  technically,  as  regards  the  progress  and  development 
making  in  methods,  or  statistically,  as  regards  the  sources,  amounts  and  valuations 
of  the  various  productions. 

Statesmen  and  economists,  in  whose  hands  rest  the  subjects  of  tariff  and  tax- 
ation, have  no  better  sources  of  information  than  the  guesses  of  newspapers,  and 
the  scarcely  less  responsible  estimates  of  officials  who  possess  no  adequate  means  of 
arriving  at  truth. 

In  no  other  intelligent  nation  is  this  so  ;  on  the  contrary,  mineral  production 
is  studied  with  the  most  elaborate  effort.  England,  France,  Germany,  Austria, 
Russia  and  Italy  consider  it  essential  to  know  from  year  to  year  not  only  the 
source  and  aggregates  of  amount  and  value  of  mineral  yield,  but  many  lesser  facta 
relating  to  the  modes  and  economies  of  the  industries. 
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Upon  considering  the  extent  of  country  over  which  onr  minerals  occur,  thiir 
wonderful  variety  and  yet  unmeasured  amounts,  it  cannot  fail  to  be  apparent  thit 
no  private  in/dividual  or  power  is  competent  to  do  what  ought  long  since  to  hiTt 
been  done,  namely,  to  sustain  a  thoroughly  practical  investi^tion  and  exposition  of 
the  mineral  industry.* 

The  first  report  of  real  value  on  the  mineral  prodactions  of  the  United 
Collection  of  States  was  made  by  Mr.  King  himself  in  the  geological  survey  report  of 
United  Stotct.  1880-81,  being  preliminary  to  the  full  and  exhaustive  report  on  preciou 
metals  which  forms  volume  ziii  of  the  census  of  1880.  In  1882  a  difi- 
sion  ot  mining  statistics  and  technology  was  established  in  connection  with 
the  survey,  with  a  large  corps  of  men  engaged  in  statistical  work,  and  iinc» 
then  a  report  has  been  published  yearly  on  the  mineral  resources  of  the  couh 
try.  It  contains  a  mass  of  statistical  and  other  information,  but  in  accnd- 
ance  with  the  plan  adopted  by  the  director  only  the  more  important  lines  of 
enquiry  are  pursued.  It  lacks  the  completeness  of  a  censup,  but  is  neverthe- 
less a  useful  record  of  the  progress  of  mining  operations  and  metalloigictl 
processes.  In  a  number  of  states  bureaus  have  been  organised  for  the  mn» 
object,  as  in  Michigan,  OJiio,  Illinois  and  Pennsylvania ;  and  their  repoit* 
are  doubtless  freely  drawn  upon  in  the  preparation  of  the  geological  surwy 
volume. 

Until  very  recently  little  attention  has  been  given  to  reports  upon  thfr 
Minermi  tutii-    mineral  production  of  Canada,  excepting  in  Nova  Scotia  and  British  Colnnifaiir 

tioi  in  Caaada.  i.,  .  i.,.-  i.  ixi.  LfA 

and  m  those  provinces  the  collection  of  royalties  makes  the  worx  w 
a  large  extent  an  incident  of  the  public  revenue.  In  Ontario,  althonfp 
mining  operations  have  been  carried  on  to  some  extent  for  half  a^centuij}  i^ 
records  have  been  preserved  saving  in  a  desultory  way  and  at  long  intemli 
of  time.  Indeed  the  only  records  we  possess  for  the  whole  province  u^ 
those  of  the  Dominion  census,  taken  for  the  first  time  in  1871  and  again  >& 
1881 ;  but  even  the  returns  of  the  census  are  very  meagre,  since  the  only  infef* 
mation  they  give  is  the  quantity  of  raw  minerals  produced  in  the  preceding 
year.  There  are  in  these  none  of  the  ordinary  statistics  of  capital  invested, 
the  number  of  men  employed,  the  wages  paid,  the  value  of  the  ore,  the  qoftB- 
tity  smelted  or  treated  at  home  or  shipped  to  foreign  countries,  or  any  fr^ 
concerning  the  origin  and  progress  of  mining  enterprise  in  the  country.  T^ 
there  is  much  interesting  information  on  these  subjects  available — scattered 
through  reports  of  the  geological  survey  and  of  the  crown  lands  departmcfi^ 
in  special  reports  and  contemporary  newspaper  records,  or  procurable  fro* 
men  still  living  who  were  pioneers  iti  the  industry — and  no  scheme  of  atttii- 
tics  would  be  complete  which  did  not  take  account  of  all  those  sources  ^ 
materials  out  of  which  to  write  the  story  of  the  beginnings  and  growth  or 
the  industry. 

The  geological  survey  at  Ottawa  made  an  attempt  to  collect  and  pabliih 

sutiBticfti^ork  fti^nual  statistics  in  1870,  but  the  returns  made  by  miners  were  so  few  and 

om^Keoionitai  imperfect  that  the  work  was  discontinued  at  the  end  of  the  third  yew.    R 

was  resumed  however  in  1886  and  three  annual  reports  have  been  publish^ 

These  are  an  improvement  on  the  earlier  reports,  but  excepting  for  the^p'O' 

vinces  of  Nova  Scotia  and  British  Columbia  they  are  far  from  complete.   ^ 

*  First  annual  report  of  the  United  States  Geological  Surrey,  p.  76i. 
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system  of  co-operation  between  the  provinces  and  the  geological  survey  might 
possibly  lead  to  more  satisfactory  results,  more  especially  as  the  older  pro- 
vinces have  the  management  and  sale  of  the  public  lands  and  the  exclusive 
authority  to  make  laws  relating  to  real  property. 

But  were  an  arrangement  of  this  kind  entered  into  it  sbpuld  aim  to  pro- 
vide for  something  more  than  bald  figures  of  the  quantity  and  value  of  products,  urtitai  iiiqSi7» 
Capital  is  essentially  i))knid,  and  successful  mining  must  be  conducted  on 
legitimate  business  principles.      Hence  a  report  on  the  industry  should  give 
all  information  which  an  investor  requires.     The  cost  of  labor,  provisions, 
timber,  explosives,  fuel  and  all  other  factors  of   cost,  including  buildings, 
plant  and  development  work  ;  sources  whence  the  various  supplies  are  drawn  ; 
position  of  mines  relatively  to  the  lines  of  communication  ;  rates  of  freight; 
points  to  which  products  are  distributed  ;  comparisons  of  systems  of  workings 
or  processes  employed  in  various  districts  ;  social  and  vital  statistics  of  mining^ 
communities, — these  and  other  topics  of  enquiry  of  a  similar  character  cannot 
be  passed  over  in  any  scheme  which  seeks  to  encourage  the  industry  by  the 
supply  of  practical  information.     A  knowledge  of  processes  in  mining,  milling, 
smelting,  etc.,  and  particulars  of  construction,  adjustment  and  management 
form  a  necessary  part  of  every  successful  miner's  occupation,  and  are  valuable 
alike  to  the  workingman  and  the  capitalist.     And  if  to  making  enquiries  on  o^^^hiim 
those  lines  there  be  added  the  duty  of  collecting  average  specimens  of  all  ^ti  Md 
known  mines  and  mineral  locations,  and  procuring  assays  and  analyses  of 
them,  a  most  important  service  may  be  rendered  by  the  government  of  the 
country  to  all  who  are  engaged  in  mining  and  its  allied  industries.     There  is 
hardly  room  to  doubt  that  apart  from  its  economic  value  an  annual  report 
showing  the  condition  of  mining  and  metallurgical  works  in  this  province- 
would  effect  valuable  results  in  directing  attention  to  the  extent  and  variety 
of  its  mineral  resources. 

Owing  to  the  small  number  of  mines  in  operation  in  Ontario  the  Com- 
missioners did  not  make  the  collection  of  statistics  a  subject  of  particular 
enquiry,  but  in  every  instance  in  which  the  views  of  witnesses  were  obtained 
the  utility  of  statistics  was  freely  acknowledged. 

TECHNICAL     INSTRUCTION. 

The  witnesses  examined  by  the  Commission  are  almost  unanimous  in  the-      ^^^  ^  . 

XIOM  Of  tMnlUr- 

opinion  that  there  is  great  need  of  technical  instruction  in  all  operations  f***^*"^*" 

relating  to  the  mining  and  metallurgical  industries  of  the  province.     Few  of  "><>  m«taUurv&- 

the  men  who  prospect  for  minerals  have  the  practical  knowledge  which  would 

enable  them  to  explore  the  country  intelligently  or  successfully.     Time  and 

means  are  often  wasted  in  searching  for  the  precious  and  economic  minerals 

through  districts  where  there  are  none,  and  where  nature  never  designed  that 

any  should  be.     Some  knowledge  of  the  geology  of  the  country,  and  of  rocks 

and  minerals  and  their  relation  to  each  other,  is  of  obvious  advantage  to  the 

prospector  ;  and  if  he  is  also  able  to  use  the  blowpipe,  or  make  the  ordinary 

tests  for  metals,  his  quest  cannot  fail  to  be  infinitely  more  satisfactory  than*  it 

could  be  without  such  knowledge,  and  he  may  be  saved  from  much  disappoint. 

ment  and  loss.     Many  of  the  prospectors  met  with  by  the  Commissioners  in 

the  northern  districts  were  qualified  to  do  little  more  than  make  a  collection 
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of  rocks  and  what  seemed  to  them  to  be  Boinerals,  and  forward  them  to 
Toronto  or  elsewhere  for  assay  or  analysis.     Some  were  unable  even  to  mtke 
the  common  and  simple  test  of  minerals  under  the  knife;  and  it  is  doabtliilif 
one  man  in  ten  could  make  a  map  or  sketch  of  the  district  he  had  ezamined, 
so  necessary  for  good  prospecting  work.     Men  of  this  class  are  possessed  of 
little  means  as  a  rule,  and  when  after  much  hardship  they  have  been  fortonste 
enough  to  make  a  promising  discovery  they  have  only  in  rare  instances  the 
means  to  prove  its  value  as  a  workable  vein  or  deposit     Skill  and  experieooo 
are  required  in  sinking  test  pits  and  shafts  and  o[)ening  trenches  to  show  the 
extent  of  the  ore  body,  and  without  judicious  exploration  to  determine  whether 
the   quantity  and  richness  of  the  ore  are  sufficient  to  warrant  the  develop- 
ment of  the  property  as  a  mine,  capital  can  rarely  be  tempted  to  touch  it  And 
as  it  is  with  the  prospector,  so  it  is  also  in  a  large  degree  with  the  explorer  and 
miner  in  our  country.     To  dig  a  well  is  one  thing,  but  to  sink  a  shaft  or  drive  a 
tunnel  and  strike  or  follow  a  vein  of  ore  is  another  and  wholfy  different  thing. 
The  one  work  any  unskilled  laborer  may  do  successfully  ;  the  other  calls  for 
skill  even  in  the  laborer,  and  direction  under  a  mine  superintendent  of  liiige 
experience  if  not  of  scientific  training.     Mining  operations  in  Ontario  have 
oftener  resulted  in  failure  than  in  success,  even  where  they  have  been  directed 
by  men  of  good  reputation ;  but  the  method  of  mining  employed  depends verj 
much  on  the  character  of  the  formation  m  which  the  ore  or  vein  occurs,  and 
the  miner  who  has  learned  his  business  elsewhere  may  find   when  he  begins 
upon  a  deposit  in  our  ArchsRan  rocks  that  he  has  practically  to  learn  it  over 
again.     This  has  been  the  case  in  the  Hastings  and  Sudbury  regions,  in  work- 
ing iron,  gold  and  the  nickel  and  copper  ores,  as  well  as  in  working  the  silver 
mines  of  the  lake  Superior  country.     Greater  knowledge  is  required  to  work 
a  mine  than  to  prospect  for  minerals,  and,  as  some  ono  has  said,  the  serioas 
problem  is  to  increase  the  number  of  men  in   whose  training  theory  ssd 
practice  have  been  so  combined  that  they  can  meet  the  great  demand  for 
those  who  can  i>ut  theory  and  practice  together.     And  from  what  has  been 
said  in  the  preceding  Section  it  must  be  apparent  that  in  the  methods  of 
extracting  metals  from  their  ores  there  is  a  necessity  for  skill  of  a  hi|^e^ 
order  than  is  called  for  in  raising  the  minerals  out  of  the  earth.     In  pros- 
pecting, in  exploring,  in  mining,  in  reducing,  in  smelting,  in  refining,  men 
must  have  knowledge  of  how  the  particular  work  is  to  be  done  before  thej 
can  hope  to  do  successful  work  ;  and  whether  their  information  is  gained  in 
the  schools  or  by  the  hard  experience  of  practical  life,  the  mind  guides  the 
hand. 

The  numerous  excerpts  iu  the  Appendix,  taken  from  the  report  of  the 
Royal  Commission  on  Technical  Instruction,  the  presidential  addresses  of 
Professois  Richards  and  Egleston  before  the  American  Institute  of  Mining 
Engineers,  the  New  Zealand  Handbook  and  other  sources,  deal  with  the  lob* 
ject  so  fully  that  only  a  few  general  observations  need  be  made  here. 

Schools  of  technical  instruction  are  usually  designed  to  give  a  thorough 
course  in  one  or  more  lines  of  special  study,  extending  over  a  seriei  of  years. 
Thus  in  the  Oolnmbia  School  of  Mines  there  are  seven  courses,  esMh  ot  four 
yeskrs,  viz :    Mining  engineering,  civil  engineering,  metallurgyy  gaology  and 
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ipalsdontology,  analytical  and  applied  chemistry^  architecture  and  sanitary 
engineering,  and  no  student  is  allowed  to  pursue  more  than  one  course  at  a 
time.  Now  a  graduate  of  the  metallurgical  or  of  the  mining  engineering 
coarse  would  probably  lack  nothing  which  a  prospector  or  miner  ought  to 
Icnow,  but  either  one  would  be  much  too  thorough  and  expensive  for  his 
neads.  A  much  more  practical  course  of  instruction  would  be  such  as  is  pro-  miners.  ^ 
vided  by  the  government  of  New  Zealand,  where  a  university  professor  and  a 
«taff  of  qualified  assistants  establish  schools  in  the  vicinity  of  the  mines  and 
give  a  series  of  practical  and  elementary  lectures  on  such  topics  as  will  be 
•of  most  advantage  to  men  in  their  daily  work.  The  scheme  of  these  schools 
IS  fully  stated  in  the  Appendix.  Another  scheme  has  been  sugfrested  by  two 
or  three  witnesses  examined  by  the  Commission,  viz :  that  in  some  of  the 
•mining  districts,  as  at  Madoc  and  Port  Arthur,  the  services  of  a  science 
master  at  the  high  school  might  be  utilised  to  give  instruction  to  miners  and 
prospectors  as  part  of  the  regular  course,  or  by  the  establishing  of  evening 
classes,  and  that  a  special  grant  in  aid  of  such  a  scheme  might  be  made  by  the 
government. 

The  thorough  course  which  a  technical  or  scientific  school  provides,  and  Pataiui  oourtM 
which  is  intended  to  qualify  men  to  fill  the  highest  positions  in  the  business  pr&alcef  ^"^ 
to  which  they  purpose  devoting  their  lives,  may  combine  theory  and  practice 
within  its  own  course,  as  is  the  case  with  most  of  the  American  schools,  or 
it  may  combine  theory  in  the  class-rooms  and  observation  of  practical  Tvork 
outside,  as  is  the  case  with  some  of  the  European  schools.*  The  American 
system  of  mining  •  laboratories  is  thus  described  by  Prof.  Richards  of  the 
Massachusetts  Institute  of  Technology  as  practised  at  that  well  known 
school  :t 

A  student  is  assigned  a  quantity  of  ore  weighing  five  hundred  pounds  to  four  The  American 
thousand  pounds,  accordiDg  to  kind.     He  assays  it  and  makes  mincralogical  and  By>^°>  of  min- . 
ohemical  tests  of  it.     He  consults  the  books  to  see  what  processes  are  available  for  *"*^  'a^»»t<"^e«i 
•such  an  ore.     He  discusses  the  different  processes  before  deciding.     He  chooses  one 
and  works  the  ore  through  by  it,  testing  by  chemical  analysis  not  only  for  the 
metals  of  commercial  value  to  see  what  becomes  of  them  and  to  ascertain  where 
the  losses  are  hopeless  and  where  they  can  be  diminished,  but  also  to  see  what 
quality  of  products  he  has  obtained,,  whether  the  slags  are  those  of  the  standard  of 


*  "  There  is  what  may  be  called  the  system  uf  Freiberg,  as  it  is  so  well  represexUbed  at  the 
Kreat  school  in  Saxony,  where  the  men  study  metallurgy  theoretically  in  lectures  to  which  a 
•omewhat  limited  laboratory  course  is  addecl,  the  great  feature  of  the  instruction  being  the 
laoiUties  which  the  men  have  for  spending  a  portion  of  each  day  in  the  Halsbnickner  Hutte 
or  the  Muldner  Hutte,  these  being  the  great  works  of  the  district  in  which  the  school  is 
«itiiated ;  and,  finallv,  there  is  the  system  adopted  in  America,  especially  at  the  School  of 
Mines,  Columbia  (College,  New  York,  and  at  the  Massachusetts  Institute  of  Teclmology  at 
Boston,  where,  in  addition  to  laboratory  work  as  ordinarily  understo<^,  students  carry  out 
metallurgical  operations,  more  or  less  experimentally  it  is  true,  but,  as  an  eni^eer  would 
say,  on  a  scale  of  nearly  'twelve  inches  to  a  foot.*  Surely,  it  may  be  urged,  the  frequent 
opportunities  for  seeing  metallurgical  operations  must  be  of  great  benefit  to  the  stuaent  * 
bat  consider  how  short  a  time  a  student  who  is  preparing  for  the  higher  branches  of  his 

Srofession  can  possibly  give  to  the  purely  theoretical  work  which  he  must  get  through. 
Qoh  a  student  nas  no  Jeisure,  in  addition  to  that  which  should  be  set  aside  for  exercise ;  and 
if  he  had  leisure  I  do  not  think  he  would  be  putting  it  to  the  best  advantage  if  he  were  to 
•devote  it  to  looking  on  at  a  metallurgrical  operation  conducted  by  someone  else ;  and  I  believe 
that  no  system  by  which  a  student  accompanies  a  demonstrator  or  even  a  local  foreman  to 
works,  and  onl^  sees  the  successes  and  not  the  failures  of  other  people's  labors,  really  affords 
him  adequate  instruction.  ...  It  will,  I  trust,  have  been  understood  that  I  have  been 
«peaking  only  of  the  training  of  a  student ;  his  career  as  a  metallurgist  can  only  be  perfected 
in  the  works,  because  the  manager  has  not  only  to  deal  with  metals  but  with  men.'*— Prof 
W.  O.  R.  Austen  of  the  Royal  School  of  Mines,  London,  quoted  by  Prof.  Richards. 
•fTrimsactions  of  the  American  Institute  of  Mining  Engineers,  vol.  zv,  p.  817. 

27   (M.C.) 
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■ilicitication  ho  aimed  at,  whether  the  mattes,  bullion,  etc.,  are  of  tiie  quality  In 
planned  lor.  He  is  assisted  by  his  classmates  in  his  work,  and  he  in  turn  aiiiiti  iH 
of  them  in  theirs.  This  work  is  interspersed  with  the  studying  of  collatenl  litmr 
turc  and  reading  of  papers  before  his  class  upon  the  subject  to  which  he  is  de?otiB|. 
his  time.  A  year  of  such  training,  following  after  three  years  of  prelimioaij 
technical  school  work,  does  not  to  be  sure  make  an  engineer  of  him,  but  it  g;im 
him  a  valuable  lessou,  most  of  it  self-taught,  in  each  of  the  following  direetioDi: 

1.  In  accurate  habits  of  thinking  and  working. 

2.  In  acquisition  of  independent  judgment. 

3.  In  the  habit  of  applying  knowledge,  which  habit  stimulates  acquiiitioD. 

4.  In  gaining  real  experience  by  the  sweat  of  emergency. 

5.  In  Luanaging  men  and  controlling  himself. 

6.  In  appreciating  the  value  of  labor  and  the  workman's  Tiew  of  things. 

7.  In  taking  the  conceit  out  of  him. 

8.  In  the  use  of  chemistry  to  control  metallurgy,  and  in  the  use  of  tachniflil 
literature  for  suggestion  and  warning. 

9.  In  keeping  accurate  accounts  and  records  of  his  work. 
10.  In  solving  problems  that  are  new  to  him. 

Prof.  Richards  does  not  claim  that  his  school  is  better  than  any  other* 

but  he  does  claim  that  he  can  teach  metallurgy  many  times  better  witk  a 

laboratory  than  without  one  ;  and  with  the  appliances  of  the  modem  ichoot 

which  enable  practical  instruction  to  be  given  in  stamping,  amalgamating;. 

smelting  and  refining  on  a  large  scale,  he  says  very  properly  that  the  woA 

savors  as  much  of  mining  as  of  metallurgy.     In  most  of  these  opinions  PrsH 

£gleston,  the  mineralogist  and  metallurgist  of  the  Columbia  School  of  MisM^ 

agrees  with  Prof.  Richards.     In  his  address  as  president  of  the  Institute  flf 

Mining  Engineers  in  1888  he  said  : 

No  one  thing  is  more  striking  than  the  interest  which  students  take  in  all 

kinds  of  laboratory  work,  whether  it  be  chemical,  physical  or  mechanical,  and  the 

tere^t^n^a^oni^  ^^^^^'^^  ^®^^®^  *°^  recreation  which  it  brings  to  them  as  a  change  from  purely 

tory  Aurk.  mcntAl  labor  to  that  which  occupies  the  eye  and  the  hand.      For  the  time  hang, 

they  become  investigators,  acquiring  knowledge,  making  researches,  drawingcon- 

elusions,  watching  reactions  and  noting  the  working  of  different  principles,    xheir 

work  to  them  has  just  as  much  importance  as  if  they  were  original  investioatois 

instead  of  learning  how  to  investigate.      Laboratory  work — in  which  the  douit 

attention  must  be  paid  to  get  the  results,  and  the  greatest  accuracy  is  required  to 

interpret  them  after  they  are  obtained — not  only  gives  to  the  student  a  capabilifty 

for  observation  but  a  jM^wcr  of  concentration  of  mind  not  easily  obtainable  in  any 

other  way,  because  the  men   are  interested  in  obtiiining  results  which  they  are 

u..\M^  -,.  ^     themselves  to  interpret.     .     .     .      The  old  idea  was  that  any  time  devoted  to  lab- 

fficM- of  labor*-     ortaury  work  more  I han  a  Certain  mmmium  was  wasted.      Ihe  results  of  moaera 

lory  work.  experience  show  that  theory  can  be  better  taught  in  the  laboratory  than  in  the 

class-room,  because  its  application  follows  at  once  on  its  announcement.     It  is  thoi 

fixed  in  the  memory  and  ceases  to  be  an  abstraction.     Besides,  if  the  habit  of  app^- 

ing  knowledge  is  not   learned  in  the  schools  it  will  hardly   be  learned  outsit  of 

them  except  by  a  long  and  painful  experience.     Both  as  mental  recreation  and  to 

The  princiT»i*»  to  train  the  powers  of  observation  necessary  for  practical  life  a  certain  number  of 

op  lu.v  «w.   YiouTB  each  day  should  be  devoted  to  laboratory  practice  of  some  kind,  so  that  the 

application  of  the  theory  may  be  learned  at  the  same  time  as  the  theory  itself.   • 

.     .     In  all  laboratory  work  the  principle  should  be  to  teach  men  how  to  do  good 

work,  but  not  to  waste  time  after  they  have  learned  how.     It  is  not  the  object  of 

the  professional  school  to   make  skilled  workmen  of  the  vtudente.     The  moment 

they  have  learned  how  a  piece  of  work  ought  to  be  doae  they'are  capable  of  t«cli- 

ing  those  who  occupy  an  inferior  position  how  to  execute  it  properly,  and  if  Una 

instruction  has  been  coupled  with  the  teaching  of  how  to  accompluh  what  is  tebe 

learned  with  the  least  amount  of  time  and  expense  of  material,  they  can  UiA 

other  men  to  be  skilful  without  necessarily  being  skilful  themselves.     .... 

What  is  wanted  of  the  engineer  is  not  to  do  work  accurately  with  his  ewn  haada, 

but  to  know  how  to  do  good  work  and  to  recognise  it  when  it  is  well  done  and  bov 

to  correct  what  has  been  poorly  executed.* 

'Transactions  of  tho  Amorican  Inttituts  of  Mining  fingineen,  veL  zri,  pp.  MML 
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Here  in  Ontario  there  are  few  mining  engineers  or  metallurgifits,  chiefly 
no  doubt  because  we  have  hitherto  had  so  little  need  of  their  service,  but  also  8«hMi toTttU^ 
because  we  have  no  schools  or  colleges  where  they  might  receive  instruction.  Ontario.  *  '"^  ^ 
Should  the  mining  industry  become  established  a  demand  would  necessarily 
arise  for  men  of  technical  trainiilg,  and  in  that  event  our  schools  ought  to 
furnish  them.  Our  young  men  have  now  to  go  abroad  for  special  courses, 
and  it  is  not  unlikely  that  a  majority  of  their  numoer  succeed  in  getting 
foreign  employment  and  never  return.  It  is  hardly  creditable  to  our  province, 
with  its  excellent  schools  for  primary  and  higher  education,  that  no  suitable 
provision  is  made  for  a  thorough  course  of  instruction  in  mining  engineering 
and  metallurgy,  especially  as  the  country  is  believed  to  be  rich  in  minerals, 
and  that  most  of  the  ventures  hitherto  made  to  raise  and  treat  the  ores  have 
resulted  in  failure  through  want  of  skilled  knowledge  to  carry  on  the  opera-  Sl^^^?^'  ^ 
tions.  The  School  of  Practical  Science  provides  a  part  course  in  both  subjects,  8dtnc«. 
by  the  instruction  given  in  civil  engineering,  chemistry,  mineralogy  and 
geology,  and  the  most  obvious  plan  would  seem  to  be  to  strengthen  that  school 
by  the  addition  of  one  or  two  professors  of  good  standing  and  furnish  it  with 
a  first-class  mineralogical  museum  and  appliances  for  the  extraction  of  metals 
from  their  ores.  It  may  be  said  that  a  school  of  this  kind  ought  to  be  located 
at  some  point  convenient  to  the  working  mines,  where  practical  operations 
could  be  witnessed,  as  is  the  case  in  Michigan  and  also  in  several  European 
countries.  But  the  Houghton  school  has  its  reputation  yet  to  make,  and  in 
view  of  the  eminent  success  of  such  institutions  as  the  Columbia  School 
of  Miues,  the  Massachusetts  Institute  of  Technology,  the  Royal  School  of 
Mines,  London,  and  the  Ecole  des  Mines,  Paris,  it  would  be  rash  to  say 
that  a  similar  school  in  Ontario  could  not  prosper  in  its  chief  city  and  attached 
to  the  provincial  University.  It  would  be  at  least  an  experiment  to  establish 
a  new  school  far  out  from  the  centre  of  population,  where  a  complete  and 
independent^  staff  of  professors  and  instructors  would  require  to  be  main- 
tained, instead  of  utilising  an  institution  already  established  and  well 
equipped  to  give  instruction  in  the  scientific  part  of  the  course ;  and  a  good 
course  in  the  sciences  must  always  be  an  essential  part  of  the  training  in 
technical  schools.*  It  was  the  opinion  of  Sir  Lowthian  Bell,  as  stated  to 
tho  Royal  Commissioners  on  Technical  Instruction,  that,  as  in  France  and 
Belgium,  a  much  better  purpose  would  be  served  by  establishing  technical 
schools  throughout  the  country  and  that  every  industrial  district  had  a  pre-  Mhooto. 


*In  his  evidence  before  the  Royal  Commiuion  on  Technical  Instruction  Dr.  C.  William 
Siemens  said  :  "  If  I  were  to  draw  a  comparison  between  a  man  who  has  been  taught  science 
to  the  highest  point  and  then  thrown  into  practical  life,  with  no  contact  with  the  derelop-. 
ment  of  science,  and  another  who  has  not  had  those  advantages  but  who  has  had  oppor- 
tunities of  refreshing  his  knowledge  and  advancing  with  the  rapid  advance  in  science  and 
applied  science,  the  balance  would  be  entirely  in  favor  of  the  latter.  There  is  no  sueh  thing 
B3  a  resting  place  in  science,  and  still  lees  in  applied  science.  The  procestPee  of  to-day  are  no. 
longer  the  processes  of  to-morrow ;  that  is  where  a  man  of  polytechnic  training  is  often  at  a 
disadvantage  as  compared  with  others;  his  education  in  science  and  applieid  science  has. 
become  to  oim  a  treasure  which  he  likes  to  dwell  upon,  and  bv  new  discoveries  all  this 
treasure  falls  to  the  ground,  and  he  has  to  wander  about  like  anybody  else,  trying  to  under- 
stand this  new  advance.  It  is  for  that  reason  that  I  am  very  strongly  of  opinion  tnat  applied* 
science  may  be  very  easily  overtaught,  but  that  the  fundamental  principles  of  science  can 
never  be  overtauffht  because  a  person  who  is  well  impressed  with  those  fundamental  prin- 
ciples will  hail  with  delight  a  new  advance,  because  he  sees  how  one  principle  has  led  up  to 
another,  whereas  a  person  who  has  been  taught  science  in  its  application  is  offended  with, 
the  new  advaoM  and  is  at  a  loss  how  to  deal  with  it. — Report,  vol.  ni,  p.  186. 
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ferential  claim  to  London.     '*  But  still  do  you  think  it  would  be  better/ 

Magnus  asked,  "  that  there  should  be  four  or  five  smaller  schools 

with  the  general  science  schools,  which  are  distributed  all  over  the  coai 

than  that  there  should  be  one  school  situated  in  London  V*     "  I  unqw 

ably  say  so,"  the  witness  replied,  '*  and  the  example  of  foreign  countries 

me  out.     You  have  in  Brussels  the  head  school  of  Belgium,  but  yoa 

others  in  that  country ;  you  have  one  at  Louvain,  and  another  at  Li^ 

probably  others.     In  like  manner  in  France,  besides  several  schools  in 

you  have  others  in  the  provinces."'^     The  propriety  of  doing  in  England 

Sir  Lowthian  Bell  recommended  does  not  need  to  be  questioned,  but 

WeseHt  needs  in  circumstances  of  England  and  Ontario  are  widely  different.     With  ui 

industry  is  only  in  its  infancy,  and  we  have  few  trained  men  to  fill  any 

requiring  superior  skill,  either  in  mining  or  smelting  or  manufacturing 

One  school  well  equipped  would  serve  our  present  needs,  and  nowhere 

could  it  be  so  economically  established  as  in  connection  with  the  Pi 

Science  department  of  the  state  University.      It  may  be  neceBsary, 

in  the  near  future,  to  extend  our  facilities  and  open  other  schools  where 

of  the  art  and  less  of  the  science  of  mining  and  metallurgy  could  be 

If  capitalists  cannot  be  induced  to  erect  iron  furnaces  or  silver,  copper 

nickel  refining  works,  it  may  be  deemed  advisable  by  the  government  to 

strata  the  practicableness  of  such  enterprises.     This  has  been  done  in  one 

two  of  the  Australian  colonies  and  elsewhere,  and  if  the  scheme  were  adopts^ 

here  a  government  furnace  and  refining  works  might  be  utilised  in  giving  IM 

struction  to  students  and  others  at  convenient  seasons,  extending  the  oonni 

of  study  cautiously  as  the  call  for  it  might  warrant. 

Byron  E.  Walker — I  am  general  manager  of  the  Canadian  Bank  of  ComnMM 

and  reside  at  Toronto.     I  have  paid  some  attention  to  geology.     I  have  ooUecM 

for  many  years  past  the  reports  of  the  eurvevs  of  the  states  oFMinnosota,  Wiica»- 

sin,  Michigan,  Illinois,  Iowa,  Ohio,  Maine,  New  Hampshire,  Vermont,  MsmmIm- 

setts,, Rhode  Island^  Connecticut,  New  York,  New  Jersey,  AUbama,  Tonnewaey 

>t  ecefisity  for  a    Missouri  and  California.      I  have  the  complete  reports  in  almost  e^ery  instuoi^ 

fey^ofSe*"'      but  there  may  be  a  few  recent  ones  which  I  have  not  yet  got.      I  wiah  to  state  Is 

proYinoe.  the  Commi8-*ion  my  views  regarding  the  pressing  necessity  for  a  complete  geulogied 

survey  of  the  province,  showing  its  resources  not  only  as  to  its  minerals  hot  as  to 

every  kind  of  raw  material  we  possess  Apart  from  the  products  of  agricultore.    I 

think  anything  short  of  a  full  survey  of  every  county  in  the  province  and  thi 

examination  of  our  entire  geological  resources  would  be  a  great  mistake  eoollOlBi^ 

ally,  and  I  will  endeavor  by  comparison  with  the  neighb  iring  states  to  show  wM 

has  been  done  and  what  is  being  done  by  other  peoples  situated  similarly  to  o■^ 

Tiie  example  of  selves.     As  early  as  tifty  years  ago  the  more  progressive  of  the  governments  of  tkl 

"tatcB*^'^*^        several  states  in  the  United  States  bei^an  to  examine  their  natural  resources  witka 

view  of  demonstrating  to  the  people  the  extent  of  their  wealth  in  raw  matmL 

Reasonably  com])lote  surveys  at  this  time  were  made  of  the  states  near  the  AtlanftM 

coast,  such  as  Massachusetts,  Maine,  Connecticut,  New  Hampshire,  Virginia,  tki 

Carolinas,  etc.     At  the  same  time  the  less  settled  middle  and  western  states  madi 

*Report,  vol.  ill,  p.  27.  Of  the  practical  value  of  scientific  education  to  yoang  bmi  ii 
the  iron  trade  Sir  Lowthian  Bell  Raid  :  **  I  think  the  necessity  of  some  soieDtific  adocatMBi 
now  so  generally  recognised  that  a  young  man  in  a  few  years  will  have  a  diffiealtj  in  oblH» 
ing  employment  if  he  has  not  been  scientifically  educated.  If  jroa  will  taka,  for  nnm|la 
our  ordinary  blast  furnace  work,  science  has  taught  us  Uie  (]uantity  of  heat  which  difftnii 
kindrt  of  fuel  are  capable  of  evolving  under  different  conditions  ;  wa  have  bean  taoglilaiHt 
chiefly  through  men  whose  minds  have  been  devoted  to  abstract  science,  the  amoont  of  hnl 
which  is  required  in  every  part  of  the  smelting  process  of  iron.  It  most  be  and  ia  Bodoob 
a  great  advantage  to  have  a  man  connected  with  the  management  of  the  works  who  hat  baa 
thoroughly  grounded  in  the«e  somewhat  abstruse  i)hiloeopbical  queationa,  and  I  bare  ■ 
doubt  at  all  that  before  long  such  a  scientific  education  as  it  invoiTei  will  be  -^  ^ 
sine  qua  non, — Vol.  ill,  p.  25. 
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rough  surveys  indicating  the  general  features  of  importance  in  each  state  ;  while  New 
York  began  a  series  of  reports  upon  it-s  natural  history  which,  commencing  in  1837, 
are  not  yet  finished,  and  are  recognised  all  over  the  world  as  a  magnificent  evidence  of 
the  intelligence  and  wisdom  of  its  peo^*le.     It  is  to  be  noticed  that  the  federal  govern- 
ment was  not  at  this  time  doing  anything  in  a  regularly  ordered  way,  although  many 
valuable  reports  in  connection  with  expeditions  across  the  continent,  the  examina- 
tion of  lands  for  settlement,  and  subsequently  the  building  of  the  Pacific  railways, 
were  published  under  authority  of  different  departments  of   the   government  at  ^5«r'i"ltiia 
Washington.     It  was  not  until  the  department  of  the  interior  commenced  what  is  of  the  federal 
called  the  geological  and  geographical  survey  of  the  territories,  about  1867,  that  the  ff^^JSJJJJi  "* 
federal  government  can  be  said  to  have  taken  up  in  a  distinct  way  the  matter  (  f     *  ^^ 

carrying  on  surveys,  and  these  it  will  be  noticed  are  of  the  territorial  possessions 
and  not  of  any  of  the  states.      I  mention  this  fact  because  the  opinion  has  been 
held  by  some  parties  that  it  is  the  duty  of  the  Dominion  government  to  furnish  such 
information  for  all  parte  of  Canada,  and  I  think  it  cannot  be  made  too  clear  that 
the  Dominion  government  is  not  likely  to  do  anything  of  the  kind  for  a  province 
as  wealthy  as  Ontario.     These  early  American  reports  are  not  very  different  in  kind 
from  that  made  by  Sir  William  Logan  in  1863,  except  that  they  are  often  much 
fuller  in  details.     They  were  made  at  a  time  when  the  knowledge  of  geology  *«  as 
much  less  perfect,  when  few  railroads  had  been  built,  and  the  work  of  field  geology  «     ♦.    i   ^ 
was  in  every  way  more  difficult  than  it  is  now.      Nevertheless  the  value  of  these  of"eporuI^  ^^ 
reports  to  the  various  states  in  inducing  settlement  and  in  creating  enterprises  of 
many  characters  depending  on  raw  material  is  incalculable,  and  the  reports  them- 
selves are  today  regarded  as  invaluable    by  those  who  are  fortunate  enough  to 
possess  them.     A  few  years  after  the  war  the  wealthy  states  of  the  northwest  and  norUi-weetera 
west  also  began  the  preparation  of  reports  which  set  forth  the  natural  wealth  of  the  sutea, 
particular  states  in  a  manner  rendering  it  comparatively  easy  for  any  capitalist  to 
ascertain  without  difficulty  the  resources  of  a  particular  county,  or  the  various 
points  in  the  state  where  a  particular  substance  in  which  he  may  be  interested  is  to 
De  found.     In  the  survey  of  the  state  of  Michigan,  begun  in  1869,  I  find  that  in  ,ur*v ey.* 
addition  to  volumes  on  the  iron-bearing  and  copper-bearing  rocks  and  other  bres 
we  are  supplied  with  numerous  analyses  and  with  superb  maps  of  actual  mines 
in  operation,  as  well  as  of  mining  districts  ;  the  report  also  gives  infoi*mation 
as  to  the  distribution  of  forest  lands,  soils  of  the  various  parts  of  the  state,  local- 
ities where  stone  for  building  purposes  may  be  obtained,  clay  for  brick-making, 
sand  for  glass-making,   gypsum,    hydraulic  cement  rock,  slate,  etc.      Numerous 
analyses  are  also  given  of  salt  wells,  chapters  on  the  material  and  cost  of  barrels, 
and  other  information  in  connection  with  the  making  of  salt,  and  statistics  as  to  the  j^^po^  on  ^he 
cost  of  working  many  other  materials.     With  reference  to  the  salt  industry,  I  may  lait  indtutiT. 
say  that  while  residing  at  Windsor  it  came  to  my  knowledge  that  very  many  numbers 
of  the  third  volume  of  the  Michigan  reports  containing  information  regarding  the 
salt   industry  came   into   Canada  for  the  use    of  our  own  salt  pvoducers  in  the 
Groderich  and  Seaforth  districts,  much  of  the  information  being  as  useful  to  Can-  _     ,        .  \.,. 
adian  as  to  American  producers.     The  survey  of  the  state  of  Ohio  begun  in  1873,  nilnou  and  the  ^ 
and  of  the  state  of  Illinois  begun  in  1866  and  already  extending  to  seven  volumes,  north-western 
provide  a  separate  geological  map  for  each  county.      The  natural  drainage,  surface  ■^^**' 
features,   geological  structure  and  resources  of  every  kind  of  each  county  are 
treated  separately.     As  a  consequence  we  notice  that  almost  as  much  attention  has 
Wen  paid  to  the  matter  of  building-stoues  in  Ohio  as  to  the  matter  of  coal,  although 
anyone  living  out  of  the  state  might  naturally  suppose  that   the  latter  product 
would   be  given  much   the  greater  importance.      Of   the  north-western  states, 
Iowa,    Wisconsin   and  Miimesota  have  published  somewhat   similar  reports.     It 
Would  be  impossible  to  adequately  describe  here  the  survey  of  the  state  of  New 
iTork.     It  is  divided  into  several  departments  of  natural  history,  having  among  the  The  survey  of 
number  one  volume  devoted  to  mineralogy,  four  volumes  to  geology  and  seven  or  ^•^  ^^'^  stMXt^ 
eight  (published  during  the  last  45  years)  to  palaeontology.      These  reports  are  the 
foundation  of  all  geological  knowledge  in  North  America,  and  render  the  work  to 
he  done  in  this  province  much  less  difficult  by  the  information  already  stored  up  in 
them.     It  is  prooably  well  known  to  the  Commission  that  almost  every  state  of  any 
Commercial  importance  in  the  United  States  has  made  a  more  or  less  complete  sur- 
vey.    I  have  not  attempted  to  enumerate  them,  but  I  invite  the  Commission  to 
dx amine  my  collection  of  reports  if  they  desire  to  do  so.    The  state  of  New  Jersey  New  Jersey 
in  connection  with  its  survey  has  recently  completed  an  atlas  in  seventeen  very  geoiogieal  atiM, 
l^rge  maps,  in  which  every  variation  in  elevation  of  100  feet  is  given.     It  is  not  to 
be  supposed  that  the  province  of  Ontario  will  be  able  to  do  such  a  thing  for  very 
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many  years  to  come,  but  when  we  consider  that  the  possession  of  such  an  atli 
would  enable  an  engineer  to  plan  a  railroad  without  further  assistance  rhe  value  < 
it  can  hardly  be  over-estimated.  While  residing  in  New  York  the  inoonTMiieDee  c 
not  having  a  survey  of  the  province  was  fret^uently  brought  to  my  notice.  In  oa 
banking  business  there  we  give  credits  for  the  importation  of  phosphates  into  tti 
southern  states,  where  they  are  used  for  improving  the  cotton  lands,  ^nd  our  busi 
ness  also  brings  us  into  c(^ntact  with  wealthy  southern  capitalists.  In  meetisn 
southern  merchants  they  have  often  asked  me  if  it  were  true  that  there  are  pboi> 
phates  in  Canada,  the  question  indicating  that  if  in  Canada  at  all  th^y  niiffht  bi 
anywhere  between  Nova  IScotia  and  Brititsh  Columb'a.  The  state  of  'Penngjlruak 
publishes  a  great  number  of  monographs  in  such  a  convenient  shape  that  snyooi 
can  obtam  a  report  regarding  the  whereabouts  of  any  particular  mineral  in  tin 
state.  Now  if  there  were  such  monographs  or  other  reports  of  the  province,  it 
would  have  been  a  simple  matter  to  direct  those  capitalists  who  were  interested  m, 
phosphate  mining  to  the  public  office  where  such  reports  might  be  obtained.  Hists 
had  similar  experiences  with  reference  to  many  other  of  our  resources,  but  thiswiD 
suffice  to  show  the  direct  practical  value  of  a  report.  The  state  of  West  Viiginis 
is  a  si^^al  instance  of  how  much  is  lo^t  to  the  people  by  the  authorities  not 
acquainting  them  with  the  natural  wealth  of  our  own  lands.  It  was  a  wild, 
mountainous  region  when  Virginia  was  surveyed  fifty  years  ago,  and  since  it  vM 
made  a  separate  state  at  tlie  time  of  the  war  it  has  been  too  poor  and  unprogreytfs 
to  have  a  survey  made.  Its  resources  must  bo  almost  identical  with  Pennsylvsniii 
but  for  lack  of  acquaintance  with  these  its  invaluable  timber,  coal  and  minml 
lands  have  passed  into  the  possession  of  northern  capitalists  who  went  tothsa- 
pensc  of  prospecting  on  their  own  account.  The  Commissioners  know  much  betttf 
than  I  do  whether  or  not  similar  results  are  taking  place  in  Canada  to-day.  I  kwnr 
of  no  intelligent  and  progressive  part  of  the  world  where  the  attempt  hu  not  ben 
made  to  ])lace  these  facts  before  the  ])eople,  and  I  trust  that  before  many  yean 
Ontario  will  no  longer  be  in  the  rear.  I  have  so  far  spoken  only  from  the  pomtol 
view  of  the  business  man,  representing  through  the  institution  I  serve  laxgi 
interests  in  the  province  regarding  the  commercial  value  of  a  survey.  ButI  voul 
like  to  add  a  few  words  regarding  the  necessity  for  a  report  on  the  pakeontolog^  of 
the  province.  You  are  aware  that  no  report  on  the  geology,  lithology,  etc,  en 
be  made  without  a  thorough  examination  of  the  fossil-bearing  rocks,  and  it  fol- 
lows that  a  large  part  of  the  work  of  such  a  survey  consists  of  gathering  pabBOOto- 
logical  specimens,  which  should  form  the  beginning  of  a  great  public  musenffl. 
It  may  be  argued  that  this  province  is  not  wealthy  enough  to  concern  itaeU 
with  anything  but  economic  questions  at  the  moment,  but  the  value  to  on 
educational  institutions  of  a  collection  of  fossils  gathered  in  this  province,  one  d 
the  richest  fossil- bearing  portions  of  the  globe,  cannot  be  insisted  upon  toa 
strongly.  I  have  for  many  years  been  an  amateur  student  of  palseontology,  snd 
have  a  large  collection,  gathered  mainly  in  Ontario.  It  is  within  my  knowledge  tlul 
du^'ing  the  la^t  twenty  years  a  very  large  number  of  specimens,  which  in  many  oiM 
may  never  be  duplicated,  have  been  sent  to  Great  Britain,  Germany  and  tlM 
United  States  for  examination  by  eminent  men  there,  simply  because  we  had  DC 
geologist  in  charge  who  could  take  an  interest  in  such  specimens.  In  naming  tb( 
fossils  in  my  collections  gathered  in  the  Upper  Silurian  and  Devonian  formatioiiii  1 
have  for  many  years  used  the  New  York  state  reports,  and  as  a  matter  of  fact  hmi' 
dreds  of  illustrations  in  these  reports  are  made  directly  from  fossils  obtained  by  tii 
assistants  to  the  state  geologists  from  the  counties  of  U aldimand,  Welland,  LiDodn 
and  Wentworth.  The  township  of  Bosanquet  in  the  coun^  of  LambtoB  ii  i 
remarkably  rich  place  for  fossils  of  the  Hamilton  formation,  ulustrations  of  than 
from  actual  Canadian  specimens  are  to  be  found  in  great  numbers  in  the  MifthJpu 
reports  and  in  the  most  recent  publications  of  New  York  state.  The  only  pablioi 
tion  available  to  the  Canadian  student  who  has  not  access  to  these  Ameriofl 
volumes  is  a  s  nail  report  by  Professor  Nicholson  in  1874-75.  Sir  William  Logu' 
report  of  18G3  is  comparatively  useless  for  such  purposes,  and  the  paheontologist  a 
Ottawa  ha^  pnblishea  nothing  of  late  years  except  a  monograph  on  the  Gudp 
formation  in  1884  ;  so  that  while  we  have  been  almost  utterly  unmindfol  of  tt 
treasures  in  our  rocks,  the  geologists  in  change  of  the  surveys  of  neighboring  itati 
have  visited  the  province  and  carried  away  invaluable  specimens,  and  the  vaiioi 
geological  journals  in  Great  Britain  and  on  the  continent  have  been  busy  diicoMi 
some  of  our  most  remarkable  discoveries  in  palteontology.  Some  jetOB  ago  a  Gb 
adian  professor  prepared  drawings  and  descriptions  with  the  nomenclature  of  lew 
varieties  of  graptolites,  rare  and  fragile  fossils  found  in  the  shales  of  the  Niagi 


;|ioap  at  Hamilton,  and  after  many  effurts  to  get  them  published  in  Canada  they 
••fintiiallj  appeared  as  a  monograph  of  the  uDiverdty  of  the  state  of  MiBsouri. 
The  tame  gentleman  took  the  trouble  to  obtain  from  the  various  railways  and  to 
taholate  all  the  elevations  which  had  been  taken  in  the  province  of  Ontario,  mak> 
iDg  a  pamphlet  of  43  pages,  representing  a  great  deal  of  labor  valuable  to  both 
jsologistB  and  engineers,  and  there  being  no  medium  through  which  this  could  be 
.:pobliahed  in  Ontario  it  forms  bulletin  No.    6  of  the  United  States  geological  sur- 
Tiff.      Having  very  little  time  at  my  disposal  I   have  only  attempted  to  bring 
together  a  few  faets  from  a  non-professional  point  of  view,  but  which  seem  to  me 
to  show  sufficient  reason  for  the  establishment  of  a  survey,  with  instructions  to 
Biake  in  the  first  place  a  report  somewhat  similar  to  those  made  in  the  United  gcope  of  the 
States  and  in  most  European  countries  and  British  colonies ;    that  is,  a  report  work. 
*€0>Teriiig  in  a  series  of  volumes  a  survey  of  the  entire  surface  of  the  province,  to 
be  followed  thereafter,  practically  for  all  time  to  come,  by  occasional  reports  to  be 
kmied  by  a  permanent  (geologist  in  charge,  so  as  to  keep  our  stock  of  knowledge 
•always  as  full  as  possible,  and  on  a  level  with  that  of  other  countries.     One  of  the 
VBSiiltB  which  would  doubtless  follow  from  such  a  survey  would  be  the  establish-  A  public 
matt  of  a  public  museum,  exhibiting  our  minerals  and  other  raw  material,  and  our  S2^2nd*fo«il».' 
r     nmarkable  series  of  fossils  placed  in  a  suitable  building  in  Toronto,  duplicate  spe- 
'     cimens  being  supplied  to  the  larger  public  schools  throughout  the  province.    The 
*O0iinmeroial  and  educational  value  of  this  alone  would  repay  the  cost  of  a  survey. 
Oolambia  i  ollege  has  supplied  the  west  with  experts    in    mining,   and   without  Colombia  school 
tfie  appliances  they  have  in  New  York   much  that   has  been  done  in  the  United  °'  ™*o««' 
oould  not  have  been  done. 


A.  B.  C.  Sdim/ii — As  to  educating  prospectors,  I  do  not  think  the  class  of  men 
vlio  prospect  are  the  men  you  can  educate  into  scientific  explorers  ;    I  do  not  The  use  of 
tiunk  there  is  anything  helps  them  better  in  prospecting  than  good  geological  and  ^JSjl^lJphi^ 
topographical  maps,  and  I  think  the  province  would  do  well  to  get  up  a  good  map.  maps  and 
Froapeotors  have  a  good  idea  of  what  they  require.     Collections  of  specimens  such  epecimens. 
as  we  have  at  the  museum  here  help  explorers  a  great  deal.      There  should  be  a 
aiming  engineering  course  in  connection  with  the  universities.      I  think  every 
mirenity  should  have  a  course  in  natural  science.       I  also  think  that  compulsory  g^j^^tj^g  njn- 
nlunis  of  the  output  of  mines  and  of  the  work  done  would,  do  good.       In  Nova  injure  %  boom, 
Seoiiaii  is  done,  and  is  found  to  have  a  good  effect.     It  has  not  hindered  develop-  butthatisno 
BMPt  there.     It  may  injure  what  is  called  a  boom,  but  that  is  never  desirable,  and       ' 
gnarally  results  in  loss  to  someone.     The  main  object  of  a  government  geological 
iUTey  should  be  to  a^sertain  the  facts,  whether  favorable  or  otherwise,  and  state 
^iMm  truthfully  and  impartially. 

B,  T.  A.  Bdl — ^The  institution  of  a  school  of  mines  would  undoubtedly  result  j^^^^  muaeumt 
-   ilia  great  deal  of  good,  but  I  doubt  whether  the  industry  is  far  enough  advanced  of  mineral 

lor  tHat  yet.     I  think  the  establishment  of  small  local  museums  where  mineral  bp«<^«db* 
neeimens  oould  be  seen  and  examined  and  information  gained  would  do  a  great 
ual  of  good.     Lectures  and  instruction  with  the  blow-pipe  during  the  winter 
BMoihs  might  idso  be  introduced  with  advantage.    I  think  there  should  be  compul-  x^^turee  and 
murj  Tetums  of  output  made  to  the  government.      The  information  collected  by  statittical  iofor< 
the  Geolo|^l  Survey  is  already  doing  a  great  deal  of  good,  though  the  equipment  m*tioD- 
id  the  statistical  section  is  by  no  means  complete  as  yet.  It  would  be  in  the  interest 
id  development  to  establish  a  bureau  of  that  kind  in  Ontario.     There  should  be  a 
law  oompelling  mine  owners  to  give  such  statistics,  and   the  statistics  should  al»o  be  j^  Mtisianoe  to 
fwidfly  accessible  to  the  public  at  all  times  in  the  government  offices.      Such  a  mining  men, 
Imrsaa  would  be  an  assistance  to  mining  men,   prospectors  and  capitalists.     At  JJ^JJ^Sl*  ***** 
ggaauut  the  great  difficulty  is  to  find  out  what  information  about  mineral  properties  ^^**^ 
er  mines  ii  to  be  relied  upon.  Some  parties  give  information  willingly,  others  will 
wo^  white  others  again  will  lie.      The  only  way  I  can  find  out  about  the  quantities 
and  shipped  here  is  by  going  to  the  stations  and  the  custom  houses. 


David  Boylt — My  connection  with   mining  has  ibeen  altogether  of  an  educa-  ^  eohool  of 
'  and  not  a  practical  character.     I  think  it  would  be  highly  advisable  to  ostab-  mines  advisable. 
Hah  a  school  of  mines.     If  we  had  but  the  one  school  I  think  Toronto  would  be  the 
slaoe  to  have  it.     The  largest  number  of  visitors  and  people  come  here,  and  it  in  the 
twain  est  as  well  as  the  educational  centre  of  the  province.      A  chemical   course  in  qw^^^  course 
CODBaotion  with  the  high  schools  might  do  a  great  deal  towards  preparing  young  {q  i^e  high 
■imi  to  take  a  course  of  this  kind.     I  think  every  high  school   should  be  provided  schools. 
with  apeoimens  and  illustrations  of  the  different  formations,   metals  and  minerals. 
A  atftmp  mill  would  be  required  in  a  school  of  mines.      Analyses  of  specimens  are 
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very  misleading,  as  samples  are  generally  picked.     To  aacertain  the  tme  rich^ 
Btunp  mill.         ness  of  an  ore  requires  the  reduction  of  several  tous.      The  cost  of  a  mill  is  froioi 
$1,000  to  $1,400  a  stamp.     I  think  about  a  six-stamp  mill  would  be  required.     I 
do  not  know  what   the  cost  of  establishing  a  school  would  be.      It  might  be  an 
att'ichment  of  the  university  or  of  the  school  of  practical  science.     I  believe  it 
could  be  establi  hed  at  from  $2(>,000  to  830  000.     I  was  at  Cincinnati  in  oonnectiDii, 
with  the  Ontario  exhibit.      That  exhibit  attracted  a  great  deal  of  attention,  and 
it  opened  the  eyes  of  a  good  many  of  our  own  people.      Business  men,  men  con- 
nected with  the  irou  industry,  and  with  other  metals,  were  led  to  make  inquiriea. 
concerning  our  resources.       It  seems  to  have  been  taken  for  granted  till  reoently 
that  Ontario  was  nothing  but  an  agricultural  country  and  the  Dominion  geolof(ieal 
survey  has  neglected   it   almost  altogether.     With    the    means   at  their  disposal 
toglcld  wirvey**^  and  the  enormous  territory  they  have  to  attend  to  it  cannot  be  expected  that 
staff.  Ontario  should  receive  the  requisite  attention.     I  think  it  would  be  well  there- 

fore for  Ontario  to  have  a  geological  staff  of  her  (  wn.  The  wisdom  of  sectionji. 
Aprovin  iai  surveys  has  been  shown  by  the  reports  of  several  of  the  American  states.  They 
muteum.  give  a  good   deal   of  attention  to   natural  history,  biology   and    archieolo^.      I 

think  an  appropriation  of  from  $15,000  to  $20,000  would  do  a  ^eat  dtSi  for  a 
collection  in  tliose  fields.     A  museum  might  be  formed  to  include  nunerals,  timber^ 
ete.     I  think  most  attention  should  be  paid  to  the  economic  minerals,  but  there  ia- 
no  reason  why,  when  a  man  is  starting  upon   a  geological  tour,  he  should  not  ba 
requested  to  keep  his  eyes  open  to  biological  facts  also. 

Lack  of  scientific  ^^'  ■^'  -f*^''*"^^'*^^ — A  great  many  of  the  prospectors  lack  scientific  knowledge^ 

knoirledg«.         and  I  think  it  would  do  good  if  the  government  Bent  a  skilled  man  to  deliver^ 

lectures  during  the  winter  at  all  mining  centres.     I  do  not  think  the  (government 

ought  to  put  up  stamp  mills  ;  that  is  a  matter  of  supply  and  demand,  and  should  be- 
oomptu^D?'^      so  treated.     1  think  it  would  be  a  good  thing  to  have  an  oflice  with  specimens  hare 

so  that  prospectors  could  compare  them  with  any  rocks,  ores  or  minerals  they  mights 

come  across. 

A  jrreat  want  of  ^^m-  A.  Allan — A  school  of  mines  would  be  a  very  good  thing  indeed.    Thera- 

knowledge.  is  a  great  want  of  knowledge  of  mining  here ;  there  is  no  knowle^e  of  the  forma- 
tion and  occurrences  of  the  rocks.  It  would  be  well  to  make  it  necessary  that  a 
mining  captain  should  hold  a  certificate  of  competency,  and  there  should  be  a  de- 
partment for  the  issuing  of  such  certificates.      Lectures  to  prospectors  would  alao- 

Lectures  and       be  valuable.     The  majority  of  men  here  can  tell  phosphate  when  they  see  it,  and. 

■tatistlcs.  ^Yi^^  is  about  all.      I  think  it  would   be  well  to  have  a  law  compelling  the  return. 

of  statistics ;  it  would  do  away  with  a  groat  deal  of  deception  that  is  practised. 

S.  J.  Dawson-  1  think  it  would  do  good  to  have  a  course  of  lectures  delivered. 
to  prospectors,  especially  if  in  connection  with  a  test  mill  and  an  assay  office.      I 
think  the  collection  of  ni^nini^  statistics  and  the  circulation  of  the  information  would 
be  highly  desirable,  and  would  lead  to  a  great  deal  of  good. 

]).  W.  Bntterfield — My  home  is  at  Waukeegan,  111.     I  have  had  between  six. 

and  seven  years'  experience  in  gold  mining  and  milling,  pailicularly  in  the  Black. 

Dakota  school  of  Hills  district.     I  have  held  the  position  of  superintendent  of  the  Vermilion  com* 

"^^"••-  pany  since  the  Ist  of  April  this  year.     Within  the  last  two  or  three  years  a  school 

of  mines  has  been  established  in  Rapid  City,  Dakota,  about  60  or  (iO  miles  from 

the  mines.     The  pupils  are  taught  assaying  and  chemistry,  and  they  have  small 

mills  for  working  ores  of  different  kinds  for  testing  and  experimenting  with  thenu 

Charges  are  made  for  assaying  to  make  it  as  nearly  self -sustaining  as  possible^ 

Mineralogy  is  taught,  and  there  is  a  regular  course  for  the  students.     I  think  the* 

course  is  either  two  or  three  years.     The  school  is  well  patronised  and  is  doing 

good  work.     After  the  students  go  through  the  course  they  are  supposed  to  be 

T^       .  mining  engineers  and  experts  and  to  be  able  to  report  on  mines,  to  handle  different 

prospectors.        ores,  to  know  the  nature  of  them,  etc.     I  think  a  course  of  lectures  to  prospectors 

at  a  low  rate  would  have  a  very  beneficial  eflfect  on  prospecting  ;   if  such  lectures 

-ft:     were  given  in  the  principal   mining   centres  I  think  they  would  be  well  attended. 

In  Daitota*  *  °"  In  Dakota   the  government  publishes  statistics   of  mining  ;  they  send  round  am 

.    officer  to  the  difiercnt  mines  to  collect  the  information,  and  then  it  is  published 

by  the  government.     I  think  they  publish  the  statistics  of  each  mine  separately,. 

and  they  have  the  power  to  compel  answers  to  questions.       From  my  experience- 

the  publication  of  such  statistics  is  of  great  service. 

Special  initruc  Sir  James  Grant — I  think  a  school  of  mines  would  do  the  greatest  good.     It. 

buMin^*****  a°     ^^uld  turn  thought  in  that  direction,  and  young  men  would  t^e  to  the  minmg 
new  industry,      business  instead  of  studying  medicine  and  law,  professions  which  are  very  mndk 
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overcrowded  at  the  present  time.  The  erection  of  stamp  mills  would  be  also  a 
good  idea,  as  also  would  lectures  to  prospectors.  I  think  there  should  be  oompul- 
aoiy  and  accurate  returns  of  mining  ;<tati8tic8  made  to  the  government.  That  would 
induce  capital  to  be  invested  by  giving  capitalists  confidence. 

D.  E,  K.  Stewart — I  think  as  a  matter  of   public  interest  and  information  staiiiiies  would 
it  would  be  well  to  have  mining  statistics  collected  and  published.     I  think  it  would  aM  th*  miniiif 
tend  to  the  development  of   the  mining  industr}*.     I  would  approve  of  making  ^■Miortvy. 
mining  returns  compulsory  by  law. 

John   Galbraith — I   am   professor  of  engineering  in   the   school  of  practical  m^^ 
■cienoe.     I  have  given  a  good  deal  of  con^iideratiun  to  the  question  of  technical  ^f  and  mtg^-' ' 
education  as  connected  witb  mming.     Mining  en&ineering,  as  far  as  I  understand  Mwinir. 
it,  ia  about  as  indefinite  as  civil  engineering.     .Men  are  employed  who  lay  out  shafts, 
leTela,  etc  :  that  is  mining  sun'eying,  and  it  can  be  taught  in  the  schoi>l  as  well  as 
anywhere  else.     The  rest  of  the  mining  eninueer*b  work  is  done  under  the  captain 
or  the  superintendent,  such  as  the  arranging  for  tunneling,  excavating,  ana  the 
practical  work  generally.     Personally  1  do  not  believe  in  a  great  deal  of  what  they 
ciJl  the  practical  work  in  an  engineering  a.»ur8e.     1  do  not  touch  any  practical  work  ^2uol  tiniefor 
ocnmected  with  blasting,  excavating,  or  anything  of  that  kind.     I  look  upon  it  as  a  tlit  studeDt. 
waste  of  time.     I  think  the  student  should  be  taught  everything  he  cannot  acquire 
on  the  works  afterwards,  leaving  the  practical  part  to  himself.     Nearly  all  the 
stndeDts  who.have  taken  the  course  with  us  are  engaged  on  railways,  canals,  and 
on  eity  work.     I  do  not  know  r»f  any  that  are  employed  in  mining.     In  the  regular 
eml  engineerinsc  course  they  take  the  elements  of  mineralogy  and  blowpipe  prac>  Amininr 
tioe,  but  they  do  not  go  into  assaying.     Two  or  three  have  taken  the  ordinary  «ncincefiny 
engineering  course  and  added  assay  ini^.    A  mining  engineer  must  be  a  civil  engineer.  ^^^'^"'^ 
Hethould  Know  the  geology  of  minerals;  he  should  know   the  use  of  the  blow- 
pipe and  something  aoout  assaying,  and  he  should  know  more  especiaUy  the  pre- 
pumtion  of  minends  for  the  market.     That  could  be  taught  under  the  roof.      The 
leqoiiite  machinery  could  be  erected  and  its  use  taught  in  the  school.     I  have  been 
at  Columbia  College,  where  the  mining  course  is  a  civil  engineering  course  com- 
bined with  mineralogy-,  assaying,  and  the  preparation  of  ores  for  the  market.     The  l^ctoresio 
ooune  at  the  Boston  schorjl  is  about  the  same.     Lectures  to  prospectors  at  mining  P«^i*»*o"™- 
centres  could  be  given  at  small  expense.     Arrangements  could  be  nuide  with  the 
local  asaayers  to  form  a  little  school,  and  that  might  do  a  great  deal  of  good.     The 
professors  could  deliver  lectures  when  possible,  but  the  only  time  they  could  get 
away  would  be  during  vacation.      The  members  of  the  Geological  Survey  might 
a]so  be  able  to  do  a  little  of  that  kind  of  work. 

^neas  McCharles — The  erection  of  a  stamp  mill  for  the  purpose  of  testing  ores 
would  be  a  benefit ;  a  small  fee  might  be  charged  which  would  go  towards  paying  Stamp  mills 
the  expenses.     The  establishment  of  a  schr>«jl  where  prosjiectors  might  learn  a  little  J^t^J,*"** 
Xeology  would  I  think  be  a  i^rcat  help  to  prospecting.     I  think  it  would  be  a  good 
thing  to  have  lectures  delivered  in  mining  centres  during  the  winter  time. 

Thomas  A.  Tourers  -Where  there  has  been  a  discovery  1  think  the  government 
ihould  use  the  diamond  drill ;  I  think  it  would  be  a  pmper  expense  to  charge  upon  A  govarnment 
the  property.     Part  of  the  tax  on  the  land  should  be  used  for  encouraging  the  <*i*™<>"<*  <*'*'l- 
mining  industry.     A  local  ansay  office  and  the  erection  of  a  small  custom  mill  by 
the  government  would  l>e  a  great  benetit.     A  course  of  lectures  delivered  at  mining  Aijwjiiiif  and 
esntres  would  also  do  good,  inasmuch  as  it  would  bring  a  higher  class  of  ex])lorer8       ^"^*'* 
into  the  country.     A  gorxl  collection  of  rocks  for  the  prospectors  to  examine  and 
compare  would  also  be  of  considerable  benefit. 

Henry  Bangor — 1  reside  at  Mattawa.  I  am  one  of  the  original  shareholders  of 
the  Vermilion  GdKI  company.  My  business  was  formerly  that  of  a  buj>h-ranger,  ^f^^xmictoT^i 
but  for  the  last  two  years  I  have  been  prospecting;  in  this  countr}'.  1  have  dis-  apinion. 
coTered  minerals  in  Dtrnison.  1  discnvered  in  the  first  year  copper  on  lot  12  in  the 
4th of  Denison,  on  1,  6,  8,  9  and  11  in  the  5th.  and  (m  H  in  the  4th.  The  second  year  I 
discovered  gold  on  7  in  the  4th  and  gold  and  copper  on  G  in  the  4th.  I  discovered 
aqoftrtz  vein  with  gold  and  silver  on  5,  and  on  1  in  the  4th  a  quartz  vein  with  gold. 
In  Graham  I  discovered  iruii  pyrites  on  VI  in  the  3nl  and  a  quartz  vein  containing 
copper,  pyrites  and  galena  on  12  in  the  4th.  In  Snider  on  12  in  the  <>th  1  found 
copper.  That  is  all.  I  had  no  previous  qualifirai  ion  for  the  work.  I  think  it  would 
be  a  great  advantage  to  the  ]>ro8pec tor  t4)  be  instructed  as  to  the  metals  and  the 
rocks ;  it  would  have  been  t"  me.  I  got  instructions  the  second  year  from  the 
man  that  brought  me  to  pn>si>ect  for  him,  Mr.  McConnel,  and  I  found  it  of  great 
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use  to  me.    I  was  the  first  to  discover  gold  in  this  part  of  the  oountry  ;  this  was  oa 
the  3rd  of  September,  1887,  on  lot  6  in  the  4th  of  Denison. 

James  Stobie — The  giving  of  a  course  of  instruction  at  the  mining  centres  would 
do  a  great  deal  of  good,  and  I  think  many  would  attend  them.  A  good  c*  Election 
of  rocks  for  prospectors  to  compare  with  would  be  a  great  help. 

Robert  McCormack — It  would  be  a  good  thing  for  prospectors  to  have  a  place 
where  they  could  get  instruction  ;  I  for  one  would  spend  all  my  spare  time  toere. 

John  Babcock — A  system  of  instruction  for  prospectors  would  be  a  great  boon, 
and  they  would  take  advantage  of  any  such  provision. 

Francis  Andrews — The  ores  here  are  different  from  any  other  place  in  the 
world,  and  I  think  a  school  of  mines  would  be  a  good  thing  so  as  to  teach  young 
men  to  handle  them  properly. 

Peter  McKellar — I  think  a  mining  school  established  at  Port  Arthur  would  be 
a  good  thing.  It  would  be  well  to  have  a  small  test  mill  and  concentrators,  and  to 
have  a  chemist  to  assay  the  ores.  The  whole  establishment,  buildings  and  all,  could 
be  erected  for  $20,000. 

James  Conmee — I  think  it  wuuld  be  a  good  thing  for  the  government  to  estab- 
lish a  mill,  as  has  been  suggested,  or  perhaps  it  would  be  better  to  bonus  a  com- 
pany. At  a  cost  of  about  $75, (KK)  moderate  works  could  be  put  in  operation,  and  I 
think  they  could  be  made  nearly  self-sustaining.  I  am  figuring  on  a  twenty-stamp 
mill,  and  such  an  establishment  as  they  are  aiding  in  the  States.  This  twenty -stamp 
mill  would  be  large  enough  for  practical  work  as  well  as  testing.  There  should  also 
be  a  furnace  to  treat  ores.  The  government  should  charge  the  actual  cost  of 
treating  to  those  who  brought  their  ores,  and  make  it  as  far  as  possible  self-sustain- 
ing. There  should  be  a  school  of  mines  in  connection  with  such  an  establishment; 
that  would  give  the  students  a  good  practical  education,  so  that  after  they  passed 
they  would  understand  the  practical  running  of  a  mill.  At  present  they  are  nearly 
all  foreigners  at  the  head  of  mining  enterprises  in  this  country. 

W,  H.  Laird — I  think  the  government  should  treat  the  mining  as  they  have 
treated  the  agricultural  industry,  and  establish  a  school  of  mines  and  experimental 
works.  A  coarse  of  instruction  to  prospectors  here  would  do  a  great  deal  of  good. 
The  country  is  not  properly  explored  at  all,  new  discoveries  are  being  made  every 
day,  and  when  the  country  is  covered  with  timber  exploring  is  a  very  difficult 
matter ;  therefore  the  government  should  do  all  possible  to  encourage  the  pros- 
pector. 

D.  F.  Burke — A  school  of  mines  established  here  would  be  a  great  benefit ;  it 
would  supply  the  demand  for  skilled  men.  A  great  sum  of  money  is  every  year 
wasted  by  people  going  into  mining  who  do  not  really  understand  what  they  are 
doing.  The  erection  of  mills  would  also  do  a  great  deal  of  good  ;  it  would  enable 
people  to  take  fair  samples  of  their  ores  and  have  them  more  satisfactorily  tested 
than  is  possible  by  sending  a  small  piece  to  get  assayed.  I  think  it  would  be  a 
good  thing  for  the  government  to  appoint  an  assayist  who  should  only  be  allowed 
to  charge  a  nominal  sum,  say  a  dollar,  to  make  an  assay.  If  that  were  done 
twenty  assays  would  be  made  for  e\  ery  one  that  is  now. 

Thomas  Hooper — A  mining  school  would  be  a  great  help  to  the  mining  industry 
here,  but  the  first  and  most  important  thing  to  get  is  a  railway.  The  state  of 
Michigan  has  established  a  school  of  mines  at  Houghton,  spending  $90,000  for 
buildings  and  $25,000  a  year  for  equipping  and  running  it.  It  is  weU  patronised  ; 
the  fees  are  very  light,  just  enough  to  pay  for  the  light  and  chemicals  used.  This 
school  is  in  its  third  year  now.  A  class  of  six  will  get  their  diplomas  this  fall,  and 
they  have  contracts  with  companies  to  go  to  work  as  soon  as  school  is  out.  Civil 
engineering,  mining  engineering  and  assaying  are  taught.  Prospectors  can  obtain 
knowledge  without  croing  through  the  whole  course.  I  have  two  sons  who  have 
been  attending  the  Michigan  agricultural  college,  and  it  is  my  intention  as  aooii  as 
they' get  through  their  course  there  to  give  them  a  year  at  the  mining  school.  They 
have  a  good  staff  of  professors  ;  I  think  they  pay  the  principal  $5,000.  Students 
from  the  state  are  admitted  free,  but  have  to  pay  about  $30  for  the  chemicals  for  the 
three  terms.  The  establishment  of  smelting  works  would  be  good,  but  I  am  not  sure 
that  it  is  not  a  little  too  soon  yet.  But  above  all  things  a  railway  is  what  is  required; 
with  a  railway  development  would  be  done  that  without  it  will  take  years.  I  do  not 
think  you  would  have  to  call  upon  the  government  for  smelting  works  if  they  would 
give  us  a  railway.  I  think  there  would  then  be  capital  enough  found  to  build  the 
smelting  works  without  troubling  the  government. 
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T,  H.  Trethewey — There  are  very  few  mininff  men  in  Canada,  and  1  think  the 
establishment  of  a  mining  school  would  be  a  good  thing.  ^  '***  '''*°** 

Henry  H.  Nicols — No  doubt  the  establishment  of  smelting  works  here  would 
be  a  great  advantage.     They  are  in  operation  at  Puebla  and  five  or  six  other  places 
out  west.     The  city  of  Puebla  ^^ave  a  bonus  of  $100,000  and  the  land  in  order  to  Pti«bU  smelting 
secure  the  smelting  works.     I  think  that  here,  as  it  may  be  sometime  before  private  ^<*''*^ 
capital  will  establish  them,  it  would  be  well  for  the  government  to  take  the  matter 
in  hand.     I  n  Colorado  ^  e  have  a  school  of  mines  and  we  find  that  it  is  an  advan-  ^^1^-^,1    ^^    , 
tage.     1  think  it  would  be  well  for  this  province  to  establish  one  too.     If  such  is  to  of  mluM. 
be  established  I  think  it  would  be  better  to  establish  it  in  the  mining  regions. 

William  Murdoch — The  establishment  of  a  stamp  mill,  where  the  poor  man 
might  have  his  eight  or  ten  tons  put  through  and  get  his  money  for  it  less  the  charges,  stamp  mill  and 
would  I  think  be  a  very  good  thing  ;  it  would  enable  him  to  realise  and  go  on  with  sample  works, 
his  work.     I  got  a  letter  from  a  gentleman  that  he  would  put  up  the  machinery  if 
the  government  ^  ould  help  to  some  extent.     The  town  of  Tort  Arthur  has  passed 
«  by-law  to  exempt  such  works  from  taxation  for  ten  years.     It  is  advisable  to  have 
reduction  works  separate  from  the  smelting  works.     To  establish  reduction  works 
would  take  about  $60,000  or  $75,000  of  a  bonus.     For  sample  works  $5,000  of  a 
bonus  would  get  them  here  at  once  and  they  could  be  put  up  this  fall.     I  think  a  pwiure  a  result 
mining  school  is  a  most  important  thing  ;  all  our  failures  have  been  through  want  of  of  want  of 
knowledge.      Lectures  to  prospectors  would  also  be  very  useful.      I  think  Port  ^^nowledge. 
Arthur  would  be  the  best  point  at  which  to  establish  a  mining  college. 

John  C,  Baskins — A  mining  school  would  do  a  great  deal  of  good,  and  stamping 
And  reduction  works  would  be  most  useful. 

Al"ocander  Matheson — A  requirement  of  first  class  importance  is  a  stamp  mill  A  stamp  mill 
to  help  development  work.     In  my  opinion  this  would  be  the  making  of  the  mining  °^*j***  ?"^ 
interest  in  the  Lake-of- the- Woods  district,  especially  if  it  was  established  and  ment  work.^^ 
carried  on  as  a  government  work. 

E.  B.  FrcUick — I  think  the  establishment  of  works  by  the  government  would  tend 
to  cause  development  of  the  gold  properties  in  the  Hastings  district.     People  have  ^    ♦    .  ^^^ 
told  me  they  were  aware  )f  the  existence  of  mineral  deposits,  but  they  would  not  caTknowled^'^^* 
tell  where  as  they  said  they  could  not  do  anything  with  them.     Government  works,  a  chief  cause  of 
such  as  stamp  mills,  would  induce  such  people  to  locate  their  finds  and  go  on  and  ^^'"^ 
develop  them,  besides  setting  more  men  to  prospecting.     A  school  of  mines  would 
also  do  a  great  deal  of  good.     The  want  of  technical  knowledge  has  been  one  of  the 
chief  causes  of  failure,  and  were  such  a  school  established  a  large  number  of  young 
men  would  take  to  the  business  and  it  would  be  a  great  benefit.     Except  for  iron 
this  section  of  the  country  has  never  been  properly  explored.     A  course  of  lectures 
to  prospectors  and  a  collection  of  specimens  for  making  comparisons  would  be  of 
excellent  service. 

Joseph  Bawden — I  don't  know  that  any  advantages  would  accrue  to  the  iron 
trade  by  educating  the  prospectors  ;  no  doubt  there  are  many  great  deposits  that 
have  not  yet  been  discovered,  but  there  is  enough  discovered  and  in  sight  to  last 
for  a  long  time.  There  is  a  very  large  mining  section  back  of  Kingston  and  I 
think  we  might  have  here,  in  connection  with  our  university  or  otherwise,  a  school  mlnST* 
of  mines.  There  will  be  a  demand  for  mining  engineers,  and  a  large  part  of  their 
education  should  be  gained  by  visiting  the  mines  and  examining  the  ores.  In  con- 
nection with  the  department  of  agriculture  we  should  have  a  bureau  of  mines. 
I  think  it  would  be  greatly  to  the  advantage  of  the  country  in  general  and  the 
province  in  particular  if  instruction  was  given  in  the  high  schools  on  the  subject 
of  mineralogy  and  mining  engineering.  Our  lack  of  information  as  to  the  geologi- 
cal formation  of  the  country  is  very  great  ;  scientific  men  are  required. 

William  Caldwell — I  think  it  would  be  a  wise  thing  if  the  government  had  a  practical  educa- 
diamond  driU  and  worked  it  in  places.     If  any^inerals  or  ores  were  found  it  would  tion  is  tlie  need 
pay  the  government  ;  in  any  case  the  government  should  stand  the  chance.     The  •'  ***•  country, 
ores  placed  in  the  museum  would  be  of  great  value  in  many  ways.  What  is  wanted 
in  this  country  is  practical  education,  and  I  think  a  school  of  mines  would  be  the 
right  thing.     Any  expenditure  in  that  direction  would  be  money  well  spent. 

James  Bell— A  school  of  mines  would  do  a  vast  amount  of  good.  There  is  a  ignorance  con- 
great  deal  of  ignorance  concerning  mines  and  minerals  generally,  and  mines  are  ^l^mLvr^ 
worked  largely  in  the  dark. 

B,  E.  Charlton — I  think  a  school  of  mines  would  be  a  great  boon  to  the  pro-  minSrw<Adbm 
yinoe.     Many  men  engage  in  mining  without  the  requisite  knowledge,  and  after  agre»tboon. 
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The  want  of 
■killed  miners. 


Tert  mills. 


spending  a  large  amount  of  money  they  leave  it  in  disguat.     The  character  of  th» 
mining  puzzles  strangers  in  this  country.     V^'e  are  in  want  of  skilled  men. 

A,  J.  Cattanacii — A  school  of  mines  would  do  an  immense  amount  of  good.. 
There  should  also  be  places  where  ores  could  be  analysed  and  tested. 

William  Ward — Capital  is  difficult  to  procure  because  as  a  rule  mining 
operations  in  Canada  have  not  been  successful,  failure  being  generally  the  result 
of  bad  management,  and  in  some  instances  on  account  of  a  too  limited  market. 
One  of  the  great  wants  of  this  country  is  skilled  miners.  It  is  found  that  minera 
coming  from  other  countries  are  altogether  puzzled  when  they  get  to  the  noitK 
shore.  Geologists  have  said  that  there  was  no  gold  on  the  north  shore  ;  now  it 
has  been  found,  but  it  is  impossible  to  say  in  what  quantity.  The  establishing  of 
a  mill  where  a  large  quantity  of  ore  could  be  tested  and  the  value  ascertained 
would  I  think  do  a  great  deal  of  good.  I  have  very  little  faith  in  assays  of  small 
specimens.  Such  a  mill  might  be  in  connection  with  the  school  and  the  government 
might  have  the  right  to  retain  the  product  of  the  ores  sent  to  them,  and  that  mi^ht 
help  to  defray  the  expenses.  A  school  of  mines  might  be  established  in  C(  nnection 
with  the  university.  A  great  deal  of  loss  is  entailed  by  want  of  knowledge.  A 
thorough  geological  survey  of  the  province  would  be  useful. 

George  A.  Shaw — The  government  might  do  a  great  deal  of  good  by  bonusing 

Smelting  works,  or  putting  up  smelting  works  and  an  assay  office.      The  works  should  be  put  up  in 

MMv  offlee  «ad    a  central  point  in  connection  with  a  school  where  young  men  could  be  trained. 

m  n  ng  8c  oo  .    Toronto  would  be  a  central  point.     All  our  mining  engineers  now  come  from  the- 

States  ;  there  are  none  here.     I  do  not  believe  in  assays,  and  I  think  there  should 

be  works  where  ten  tons  could  be  tested.       The  necessary  reduction  works  with 

stamp  mill  could  be  put  up  for  about  925,000.     A  ten-stamp  mill  would  cost  about 

$10,000.     There  should  be  a  good  assayer  and  chemist  and  he  ought  to  have  all 

the  best  appliances. 

Arthur  Harvey — I  do  not  think  a  school  of  mines  is  to  be  looked  upon  as  an 
assistance  to  practical  miners.  I  think  the  mines  have  been  properly  woiked  in 
the  lake  Superior  district,  and  that  there  has  not  been  a  want  of  skill  and  intelli> 
gence.  Take  the  case  of  the  East  Silver  Mountain  mine  :  an  American  company^ 
not  finding  silver  after  expending  $15,000  abandoned  it.  An  English  company 
took  it  up  and  have  spent  $100,000,  and  they  have  not  yet  got  any  silver.  I  think 
that  shows  that  the  American  company  acted  wisely.  The  Badger,  West  Silver 
Mountain  and  Beaver  are  carried  on  with  energy  and  skill  ;  of  course  mistakes 
have  been  made,  but  mistakes  will  be  made  under  any  management.  A  bonus  for 
the  erection  of  treating  works  at  Rat  Portage  and  Port  Arthur  would  do  good.  In 
three  years  they  would  begin  to  pay,  and  then  the  government  could  sell  them. 
Now  if  two  or  three  men  get  out  ten  or  twenty  tons  of  ore  nothing  can  be  done- 
with  it.     Works  at  a  central  point,  easy  of  access,  would  be  a  great  boon. 

E.  B.  Borron — There  is  a  larger  class  than  either  the  explorers  or  the 
capitalists  specially  interested  in  the  development  of  our  mineral  resources.  I  refer 
to  the  miners — all  employed  in  the  various  operations  of  mining.  It  is  important 
that  miners  generally  should  be  able  to  acquire  such  knowledge  as  will  best  fit  them 
for  the  intelligent  performance  of  their  duties.  It  is  from  this  class  that  in  timea 
past  mine  captains,  agents  and  overseers  of  the  different  departments  have  been 
taken.  To  one  contemplating  making  the  extraction  of  ores  from  the  earth  or 
mining  in  its  limited  sense  a  speciality  some  knowledge  of  geology,  mineralogy^ 
mechanics,  the  use  of  such  instruments  as  the  miner's  compass  or  dial  and  levels 
etc.,  and  mensuration  and  drawing  in  addition  to  a  common  school  education, 
could  not  fail  to  be  valuable.  To  the  ore-dresser  a  knowledge  of  fewer  subjects 
would  seem  necessary  ;  mechanics,  mineralogy  and  some  little  knowledge  of  level- 
ling, drawing  and  assaying  are  all  1  think  of  on  the  spur  of  the  moment  as  likely 
to  be  of  particular  use  to  him.  To  the  smelter  a  special  knowledge  of  chemistry,, 
physics  and  mechanics  is  necessary.  The  best  time  for  boys  to  acquire  this  know- 
ledge is  between  the  ages  of  12  and  16.  As  miners  generally  make  very  good 
wages  there  are  'many  between  the  ages  of  20  and  30  who  would  be  glad  of  an 
opportunity  to  improve  themselves  so  as  to  qualify  for  higher  positions;  The  places 
where  such  instruction  should  be  imparted  are  the  high  schools  or  collegiate  insti- 
tutes most  central  and  convenient  to  our  principal  mines.  Sault  Ste.  Marie  and 
Port  Arthur  would  be  points  well  suited  for  the  lake  Huron  and  lake  Superior 
-I  iiigh  schools,  districts.  There  is  at  present  one  science  master  on  the  staff  of  teachers  in  all 
collegiate  institutes,  if  not  high  schools  ;  the  addition  of  another,  who  might  w:tlk 
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Advantage  be  a   miniug  engineer,    would  probably  be  all   that  would    be    re- 
quired.      It  is  important  to  all  concerned    that     the    mineral    statiBtica    both 
in  respect  of  quantities  and  values  should  be  reliable,  b^  whichever  government 
they  may  be  compiled.     These  statistics,  till  lately  taken  in  a  great  measure  from 
the  trade  returns,  have  been  grossly  inaccurate  and  misleading,  as  may  be  seen  by  lotoonimciy  of 
reference  to  the  report  of  the  Geological  Survey  for  1887.     It  is  there  shown  under  Jjjj^y"  stfttto- 
the  head  of  silver  alone  that  there  is  a  discrepancy  of  two  or  three  millions  of  dol-       ®  wporu. 
lars  in  the  value  of  the  exports  from  lake;  Superior,  as  taken  from  the  trade  returns 
and  other  sources.     To  prevent  extravagant  and  misleading  valuations  in  the  future, 
the  officer  of  customs  at  the  place  of  shipment  should  be  placed  in  a  position  to 
check   not  only  the  quantity,  but  the  quality  and  the  value  of  tbe  ores  shipped  or 
otherwise  exported.     He  should  be  empowered  to  take  average  samples  of  such 
ores,  and  these  should  be  assayed  and  the  value  arrived  at.      H  the  officers  have 
not  the  right,  the  law  should  be  amended  to  give  the  minister  of  customs  the 
power  to  confer  the  right. 

Thomas  Marks — I  think  the  establishment  of  a  mining  school  would  fill  a  great  soning  sohooi 
want  and  do  a  great  deal  of  good,  especially  in  connection  with  smelting  and  and  reductioa 
stamping  works.     I  think  for  about  $30,000  or  $40,000  something  could  be  put  up  ^^^"^ 
that  would  serve  the  purpose. 

W,  H,  L.  Gordon — One  thine  that  would  do  much  good  would  be  the  estab-  ^^^^  ^^^.j^ 
lishing  of  places  where  assays  could  be  made  at  less  cost  than  at  present.     Assays 
Are  very  expensive  and  it  costs  too  much  to  find  the  value  of  specimens. 
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A. — MINERALS    IN   THE   SUDBURY   DISTRICT. 

BT  DB.  BOBKBT  BILL,   ONI  OF  THE  0OMMI88IONBBS. 

Since  the  first  Section  of  the  report  was  written  considerable  progress 
has  been  made  in  the  development  of  the  mineral  wealth  of  the  Sudbary 
district.  Besides  the  Stobie,  Oopper-cliff  and  Evans  mines,  belonging  to  the 
Canadian  Copper  company,  which  have  been  steadily  worked  and  have 
yielded  a  large  amount  of  copper  and  nickel  ore,  two  other  mines  have  been 
in  operation  and  some  new  localities  have  been  discovered.  The  writer  has  Snppiemenury 
had  opportunities  for  further  study  of  the  geological  and  lithological  relations  ''^^^ 
of  these  deposits,  and  the  following  notes  are  added  to  bring  the  subject  up 
to  date.  It  will  be  seen  from  these  that  the  copper  and  nickel  ore  deposits 
of  the  district  resemble  one  another  closely,  and  that  they  all  appear  to  occur 
under  similar  geological  and  lithological  conditions. 

TABIOUB    OOPPKB    AND    NIOKSL    OBK    PBOPBBTIXS. 

The  deposit  which  had  been  discovered  on  lot  4,  range  2  of  Blezard, 
about  one  mile  north  of  the  Stobie  mine,  has  been  acquired  by  a  new  organ-  The  Domioios 
isation  called  the  Dominion  Mineral  company,  and  is  being  vigorously  projJJJty!**''' 
worked.  Three  shafts  are  being  sunk,  each  of  which  had  reached  a  depth  of 
about  40  feet  in  the  middle  of  October.  The  ore  consists  of  a  body  of  mixed 
chalcopyrite  and  nickeliferous  pyrrhotite  mingled  with  more  or  less  rock 
matter,  giving  the  whole  the  appearance  of  a  conglomerate.  The  general 
strike  of  the  country  rocks  is  here  as  elsewhere  in  the  vicinity  about  north- 
east and  southwest.  The  ore-bearing  belt,  which  is  associated  with  a  dark 
quartz-diorite,  is  about  100  feet  wide  and  dips  north-west  at  an  angle  of  65*.  It 
is  overlaid  by  a  massive  bed  of  ash-colored  grey  wack^,  the  weathered  surfaces 
of  which  present  raised  reticulating  lines.  Immediately  to  the  northwest  of 
the  shafts  there  is  a  dyke  from  30  to  50  feet  wide,  of  dark  brownish  gray 
crystalline  diabase,  weathering  at  the  surface  into  rounded  boulder-like  masses, 
which  scale  off  concentrically.  At  the  place  just  indicated  the  dyke  runs 
south  35^  west  (mag.),  but  a  short  distance  to  the  south-westward  what  looks 
like  its  continuation  runs  south  70^  west,  and  appears  to  be  thrown  a  short 
distance  northward  by  a  dislocation. 

To  the  southwest  of  the  Dominion  mine  similar  ore  has  been  found  in 
the  southern  part  of  lot  5,  in  the  2nd  range  (Russel's),  and  also  in  the 
northern  part  of  lot  6,  in  the  Ist  range  (Stobie's)  of  Blezard.  A  large  diabase 
dyke  runs  near  the  latter,  and  both  discoveries  are  near  the  north  side  of  ^*'*"**  '"«••. 
a  quartz-Fyenite  ridge  which  runs  in  a  north-easterly  course  from  the  town- 
ship of  Snider  and  appears  to  terminate  before  reaching  the  Dominion  mine. 
The  copper  deposits  of  this  mine,  Russel  location,  Stobie  location,  Murray 
mine,  McConnell  mine,  lot  10  in  the  1st  range  of  Snider  and  lot  1  in  the  1st 
range  of  Creighton,  would  therefore  all  appear  to  be  in  the  same  run,  on  the 
northwest  side  of  the  syenite  and  gneiss  belt,  while  the  Stobie  mine,  the 
Frood  lot  (number  7  in  the  6th  range  of  McE^im),  the  Copper-cliff  mine 
and  an  outcrop  of  copper  ore  on  lot  1,  range  2  of  Snider,  and  another  on  lot  7 
in  the  6th  range  of  Waters,  would  occupy  a  corresponding  horizon  on  the 
opposite  or  southeast  side  of  the  ridge. 

The  Murray  mine,  situated  on  the  northern  part  of  lot  1 1  in  the  5th 
range  of  MoKim  and  on  the  main  line  of  the  Canadian  Pacific  railway,  3^ 
miles  northwest  of  Sudbury  Junction,  was  prospected  under  a  bond  by  the 
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Messrs.  Henry  H.  Vivian  k  Co.  of  Swansea  and  London,  and  purchased 
by  this  firm  on  the  1st  of  October.  At  this  locality  the  general  strike  is  also 
northeasterly,  and  the  ore  body,  which  conforms  with  the  stratification,  is 
traceable  for  about  a  quarter  of  a  mile.  A  short  distance  southwest  of  the 
railway  track,  which  crosses  the  north-eastern  part  of  the  depoait,  it  has  a 
width  of  upwards  of  100  feet.  Here  as  elsewhere  the  ore  is  a  mixture  of 
chalcopyrite  and  nickeliferous  pyrrhotite,  witlf  incorporated  masses  of  rock  of 
all  sizes,  the  deposit  being  in  fact  in  all  respects  like  those  of  the  Stobie, 
Dominion  and  other  mines.  It  is  flanked  on  the  northwest  side  by  a  yery 
crystalline  massive  gray  diorite,  and  en  the  southeast  side  by  a  dark  greenidi 
mottled  variety  of  this  rock,  followed  by  alternate  belts  of  more  or  len  fissile 
amphibolite  or  hornblende  rock  and  reddish  gray  quartz- syenite.  Ten  of  these 
alternations  occur  in  a  breadth  of  150  yards.  A  cutting  on  the  railway  at 
iHabeee  dykes,  about  this  distance  southeast  of  the  mine  shows  what  may  be  either  a  con- 
glomerate  or  concretionary  mixture  of  these  two  rocks.  The  main  ridge  of 
quartz-syenite  lies  abouthalf  a  mile  to  the  eastward.  Alarge  dyke  of  crystalline 
diabase,  with  a  west-north-western  course  and  weathering  into  rounded  masses, 
may  be  seen  on  the  railway  just  northwest  of  the  mine,  and  a^ain  to  the 
eastward  a  short  distance  north  of  the  track.  This  and  a  pandlel  diabase 
dyke  are  seen  in  other  places  along  and  near  the  track  between  the  Murray 
mine  and  Sudbury,  and  similar  dykes  occur  on  Ramsay  lake,  which  may  be 
continuations  of  these. 

Late  in  the  summer  a  discovery  of  mixed  chalcopyrite  and  pyrrhotite,  of 
which  large  and  fine  specimens  were  shown  to  the  wriU'r,  was  made  at  a  spot 
situated  about  three-quarters  of  a  mile  northeast  of  the  bay  of  Wahnapit» 
lake,  lying  on  the  north  side  of  the  point  and  ridge  between  the  east  bay  and 
the  main  lake.  The  deposit,  which  is  said  to  be  large  and  promising,  is 
flanked  by  diorite  on  the  southeast  side.  Those  who  disoovered  this  ore-mass 
state  that  the  surface  indications  consisted  of  nothing  more  than  a  black 
discoloration  of  the  rock,  and  that  it  might  have  been  easily  passed  over 
unnoticed.  Another  discovery  of  mixed  chalcopyrite  and  nickeliferous 
pyrrhotite  was  made  at  the  northeast  end  of  Waddel's  lake,  which  is  the 
first  of  the  small  lakes  on  the  canoe-route  west  from  the  western  extremity  of 
Wahnapitae  lake.  The  ore  occurs  in  diorite,  which  comes  in  contact  with 
quartz-syenite  about  half  a  mile  to  the  south.  Copper  and  iron  pyrites,  said 
to  be  nickeliferous,  have  been  discovered  on  lot  3  in  the  4th  range  of  Levack. 
No  work  had  been  done  at  this  locality  at  the  time  of  the  writer's  visit,  but 
the  surface  is  covere4  by  oxide  of  iron  in  the  same  way  as  at  some  of  the 
other  copper  and  nickel  ore  deposits  of  the  district.  The  rock  on  the  east 
side  of  the  deposit  is  gneiss  and  on  the  west  diorite.  Similar  ore  is  reported 
to  have  been  found  on  lot  6  in  the  2nd  range  of  the  same  township,  but  the 
locality  was  not  visited. 

The  copper  deposit  opened  by  the  Vermilion  Mining  Co.  on  lot  4  in  the 
6th  range  of  Denison,  and  that  of  the  Rrean  location  about  a  mile  to  the  north 
of  it,  are  both  associated  with  brecciated  diorite  rocks,  as  well  as  the  Oopper- 
cliff  and  the  Stobie,  while  gneiss  or  quartz* syenite  occurs  at  a  short  distance 
to  one  side  in  every  case.  A  deposit  of  copper  ore  similar  to  these  occurs 
in  the  southwest  corner  of  Snider  (lot  10  in  the  1st  range),  which  is  said  to 
be  associated  with  diorite  and  flanked  on  the  south  by  syenita  At  this 
locality  there  is  also  said  to  be  a  large  dyke  of  crystalline  diabase,  weathering  : 
into  the  characteristic  rounded  boulder-like  masses. 

It  will  be  seen  from  the  foregoing  that  all  the  deposits  of  nickeliferous  • 

ocourrencee  of    copper  Ore  of  the  district  which  have  been  examined  occur  in  diorite  rocks, 

copper  oresTn"'  ^^^  further  that  in  most  cases  the  diorite  is  brecciated  or  holds  angular  and 

4iorite.  also  rounded  fragments  of  all  sizes  of  rocks  of  various  kinds,  the  prevailing 

varieties  being  other  kinds  of  diorite,  quartz-syenites,  crystalline  schists, 
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greywack^  and  quartzites.  The  general  geological  position  of  these  ores  is 
therefore  in  diorite,  and  more  especially  hrecciated  diorite,  with  either  gneiss 
or  quartz-syenite  near  one  side.  The  ore  masses  further  resemble  one  another 
in  having  an  approximate  lense-shaped  outline,  parallel  to  the  general  strike 
of  the  country  rocks,  although  they  may  not  always  be  strictly  conformable 
with  them  in  dip,  but  may  take  a  different  angle  to  the  horizon,  as  if  they  had 
been  connected  with  longitudinal  fissures  and  wore  of  the  nature  of  great 
brecciated  veins  or  * 'stock  we  rks." 

The  occurrence  of  dykes  of  crystalline  diabase  near  several  of  the  deposits 
of  copper  and  nickel  ore  has  been  referred  to.  Some  of  these  dykes  run  west-  Ag«of  the 
corthwest,  others  southwest,  and  one  at  the  outlet  of  Ramsay  lake  rung  dUbM«  dyktt, 
about  west,  or  towards  the  Copper-cliff  mine.  These  dykes  cut  through  all 
the  stratified  Huronian  rocks  of  the  district,  and  also  the  quartz-syenites, 
whether  they  occur  as  narrow  bands  or  large  areas.  They  are  therefore 
newer  than  any  of  these  rocks,  and  they  are  found  on  microscopic  examina- 
tion to  be  apparently  identical  with  the  diabase  overflows  of  the  Animikie 
formation  of  lake  Superior.  Their  association  with  the  ore  deposits  of  tliis 
district  suggests  some  connection  with  them ;  and  it  may  be  found  on  fuller 
investigation  that  where  they  cut  the  ore-bearing  belts  they  have  had  some- 
thing to  do  with  their  enrichment  at  these  places.  If  this  should  prove  to  be 
the  case  it  will  be  important  to  trace  these  dykes,  as  well  as  the  strati- 
graphical  horizons  along  which  the  metals  may  have  been  originally  deposited 
in  a  diffused  form,  as  new  discoveries  may  be  looked  for  at  these  inter- 
sections. 

The  smelting  furnace  which  had  been  erected  at  the  Copper-cliff  mine 
towards  the  close  of  1888  has  been  steadily  in  blast  and  has  reduced  an  The  ■meiiiDr 
average  of  about  125  tons  of  roasted  ore  per  day,  the  amount  sometimes  run-  ^^'^* 
ning  up  to  over  150  tons.  A  second  smelter  in  every  respect  like  the  first, 
which  was  erected  during  the  past  summer  (1889),  commenced  work  on  the 
4th  of  September,  and  has  now  been  running  with  equal  success  for  two 
months.  The  Dominion  Mineral  company  and  the  Messrs.  H.  H.  Vivian 
<fe  Co.  are  erecting  similar  furnaces  at  their  mines. 

THK    GOLD    DI800VKBT    ON    LA  K  B    WAHNAPITiB. 

The  gold  mining  location  on  the  south  side  of  lake  WahnapitsB  was 
again  visited  in  the  month  of  October  of  the  present  year.  Some  work  had  Nature  of  the 
been  done,  and  the  true  nature  of  the  auriferous  rock  may  now  be  studied  to  Sn^t^"*  "*^** 
more  advantage  than  when  the  locality  was  visited  last  year  before  the  Wahnapius. 
ground  had  been  broken.  An  excavation  measuring  about  20  feet  in  length 
by  8  feet  in  depth  and  the  same  in  width  had  been  made.  This  opening 
shows  that  the  gold-bearing  portion  of  the  ridge  of  felsitic  quartzite  follows  a 
belt  of  quartzite  boulder-conglomerate  which  runs  south-westerly.  Some  of 
the  individual  masses  are  sub-angular,  but  most  of  them  are  rounded,  and  they 
vary  from  a  few  inches  up  to  ten  feet  in  their  greatest  diameters,  which  are 
paiallel  to  the  walls.  A  few  rounded  greenish,  somewhat  schistose  masses 
are  also  included,  and  all  are  packed  closely  together.  The  interstices  are 
filled  with  a  rather  coarse  glossy,  greenish  to  yellowish  gray  hydro-mica  or 
talcoid  schist,  which  on  weathered  surfaces  is  seen  to  be  full  of  pebbles  of 
bluish  quartz  ahd  white  quartzite,  from  the  size  of  coarse  gravel  down  to  that 
of  pease  or  smaller.  The  quartzite  boulders  vary  in  texture  from  granular  to 
compact  or  cherty.  In  color  they  present  shades  of  light,  dark  and  reddish 
gray;  also  of  greenish  or  olive  gray.  The  last  named  contain  bunches  of 
crystals  of  mispickle.  In  the  width  of  the  excavation  there  are  four  or  five 
veins  of  white  quartz  from  two  to  three  inches  in  thickness,  or  aggregating 
about  a  foot  These  show  specks  or  small  nuggets  of  free  gold,  and  Mr. 
Richardson,  the  manager  of  the  mine,  informed  the  writer  that  he  had 
detected  visible  gold  also  in  the  schistose  filling  as  well  as  in  the  quartzite 
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itself.  A  band  of  fine-grained,  dark-colored  diorite  rans  parallel  to  th« 
quartzite  ridge  at  no  great  distance  on  either  side  of  it.  That  on  the  north- 
west side  appears  as  if  it  had  flowed  upon  an  uneven  surface  of  lampj 
quartzite.  An  attempt  to  extract  the  gold  from  the  quartz  in  this  locality 
by  means  of  a  small  arastra  had  been  commenced  at  the  time  of  mj  visit 
The  quartz  was  first  calcined  in  a  wood  fire,  after  which  it  was  easily  ground 
under  the  flat  surfaces  of  two  large  stones  attached  to  a  beam  drawn  round 
by  a  horse.  These  stones  worked  upon  a  smooth  pavement  of  smaller  ones, 
surrounded  by  a  circular  wall  which  held  in  a  few  inches  of  water  with  soma 
pounds  of  quicksilver  in  the  bottom. 
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B. — ^APATITES   OF   CANADA. 

BT  B.  A,   F.  PBNBOSB,  JB. 

Phosphates  were  discovered  in  considerable  quantities  in  Canada  before 
the  middle  of  this  century,  and  were  described  by  Dr.  T.  Sterry  Hunt  in  the 
Canadian  Geological  Survey  reports  for  1848.  Shortly  afterwards  they  were 
mined  in  the  counties  of  Lanark  and  Leeds,  Ontario.  But  the  first  regular 
mining  operations  of  any  considerable  importance  were  begun  in  1871,  in  the 
townships  of  Buckingham  and  Portland,  Ottawa  county,  Quebec,  where 
apatite  had  been  discovered  several  years  later  than  in  Ontaria  The  first 
company  to  operate  on  a  large  scale  here  was  known  as  the  Buckingham  Min- 
ing comfiany.  It  worked  successfully  until  1875,  when  a  sudden  fall  in  the 
prices  of  the  phosphate  market  led  to  a  stoppage.  For  several  years  after 
this  the  mines  were  worked  by  private  parties,  until  in  the  years  1881  to 
1883  the  large  mining  companies  which  now  control  the  richest  properties  in 
Canada  were  organised.  Many  of  the  phosphate  properties  in  Ontario  have 
been  worked  by  the  so-called  "  contract  system."  Under  this  system  the 
fi&rmers  of  the  neighborhood,  whenever  they  are  without  employment,  blast 
out  a  little  phoephata  The  result  of  such  a  method  is,  of  course,  that  the 
whole  of  a  property  is  soon  cut  up  with  small  pits  and  trenches,  rarely  exceed- 
ing twenty  feet  in  depth  and  often  interfering  considerably  with  later  and 
larger  mining  operations. 

THB    ONTABIO    AND    QUBBBO    DI8TBI0T8. 

There  are  two  principal  districts  in  Canada  where  apatite  occurs  in  con- 
^oabw  dufricu.  siderable  quantities.  The  first  is  in  Ottawa  county,  province  of  Quebea  It 
consists  of  a  belt  running  from  near  the  Ottawa  river,  on  the  south,  for  over 
sixty  miles  in  a  northerly  direction,  through  Buckinghom,  Portland,  Temple- 
ton,  Wakefield,  Denholm,  Bowman,  Hincks  and  other  townships.  The  belt 
probably  stretches  still  farther  to  the  north,  but  the  country  in  that  direction 
has  been  but  little  explored  and  is  scarcely  known  except  to  trappers  and 
Indians.  The  belt  averages  in  width  from  fifteen  to  twenty-five  miles.  The 
second  phosphate  district  is  in  Ontario,  principally  in  the  counties  of  Leeds, 
Lanark,  Frontenac,  Addington  and  Renfrew.  This  district  is  much  larger 
than  that  of  Quebec.  But  the  apatite  is  much  more  scattered,  and  though 
special  deposits  are  in  some  places  much  more  continuous  than  those  of  Quebec 
the  mineral  has  not  yet  been  discovered  in  such  large  pockets  as  occur  in  the 
latter  district.  The  belt  which  contains  the  deposits  runs  from  about  fifteen 
miles  north  of  the  St.  Lawrence  river  in  a  northerly  direction  to  the  Ottawa 
river,  a  distance  of  about  one  hundred  miles.  It  varies  from  fifty  to  seventy-five 
miles  in  breadth.  The  above  mentioned  districts  are  the  regions  where  apatite 
has  been  found  most  plentifully,  but  it  also  occurs  in  other  places,  though  so 
far  as  has  been  discovered  in  much  smaller  quantities.* 


Ontario  and 


*  Lately  it  has  been  found  that  apatite  is  rery  generally  distributed  in  Pontiae  oonnty, 
Quebec 
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The  apatite  occurs  in  the  upper  part  of  the  Lower  Laureotian  formation, 
the  horizon  being  characterised  by  large  quantities  of  pyroxene  rock.  The  Occumnce  oc 
principal  phosphate- bearing  band  consists  of  quartzites, .  gneisses,  schists,  fel-  •p*'*'*-  - 
spar  and  pyroxenic  and  calcareous  rocks,  having  an  aggregate  thickness  accord- 
ing to  Vennor  of  twenty-six  hundred  to  thirty-nine  hundred  feet.  All  the 
beds  are  more  or  less  completely  metamorphosed,  being  sometimes  indistinctly 
stratified  and  at  other  times  massive  and  with  no  traces  of  bedding.  The 
rocks,  often  contorted,  all  dip  at  a  vertical  or  almost  vertical  angle.  Some- 
times the  gneiss  contains  large  quantities  of  mica  and  has  a  distinctly  foliated 
structure.  At  other  times  it  is  impregnated  with  large  quantities  of  pyroxene, 
as  in  the  Quebec  district.  In  the  Ontario  district  this  pyroxene  is  often 
replaced  by  hornblende  of  a  dark-green,  lustrous  character.  A  highly  gamet- 
iferous  gneiss  is  often  found  in  large  quantities  in  some  of  the  apatite  localities. 
In  the  Quebec  district  there  is  a  series  of  trap  dykes  running  in  a  general  east 
and  west  direction.  By  some  they  are  supposed  to  be  connected  with  the 
occurrence  of  the  apatite.  But  the  trap  is  propably  of  a  later  date  than  the 
apatite,  as  it  is  sometimes  found  passing  through  pockets  of  that  mineral. 

The  principal  difference  between  the  country  rock  of  the  Quebec  district 
and  that  of  the  Ontario  district  is,  that  the  rocks  in  the  latter  region  are  often  Country  r«at«f 
much  more  homblendic  than  those  in  the  former,  and  are  often  found  in  the  ^  ^^ 
form  of  a  more  or  less  homblendic  gneiss.  The  country  in  the  Quebec  apatite 
district  is  rough  and  mountainous.  The  hills  are  of  a  remarkably  uniform 
height,  rarely  rising  over  five  hundred  to  six  hundred  feet  above  the  level 
of  the  neighboring  Du  Li^vre  river.  In  Ontario,  on  the  other  hand,  the  land  in 
Leeds,  Lanark,  Frbntenac  and  Addington  counties  is  low,  and  sometimes 
shows  a  smooth  glaciated  surface,  covered  by  a  thin  layer  of  soil.  In  Renfrew 
county  however  the  land  is  more  hilly,  and  resembles  that  of  the  Ottawa  dis- 
trict. As  before  remarked,  the  apatite  occurs  almost  without  exception  in 
association  with  pyroxenic  or  homblendic  rocks.  This  rule  holds  especially 
true  in  the  Quebec  district,  where  the  phosphate  has  never  yet  been  found 
without  being  associated  with  pyroxene  rock,  possibly  often  of  vein  origin. 
This,  called  pyroxenite  by  Prof.  T.  Sterry  Hunt,  occurs  in  ridges  running  in 
a  general  northeast  and  southwest  direction,  following  the  general'  course  of 
the  strike  of  the  country  gneisses.  It  forms,  together  with  a  lilac-colored 
orthoclase,  quartzite  and  trap,  the  mass  of  many  of  the  hills  in  the  phosphate 
district,  while  the  stratified  and  massive  gneisses  are  often  seen  bordering  the 
sides  of  the  ridges. 

THE    ABBOOIATSD    ROOKS. 

The  pyroxene  rock  is  never  found  distinctly  bedded,  though  occasionally 
a  series  of  parallel  lines  can  be  traced  through  it,  which  while  possibly  the 
remains  of  stratification  are  probably  often  joint  planes.  Sometimes  when  the 
pyroxenite  has  been  weathered  apparent  signs  of  bedding  are  brought  out,  stractan  mA 
which  are  often  parallel  to  the  bedding  of  the  country  rock.  Thus  at  Bob's  pyrozeniu. 
Lake  mine  in  Frontenac  county  a  rich-green  pyroxenite  occurs  which  exhibits 
this  structure.  For  ten  feet  down  from  the  surface  this  apparent  bedding  can 
be  distinguished.  It  gradually  grows  fainter,  until  it  disappears  in  the  mas- 
sive pyroxenite  below.  A  similar  phenomenon  has  been  observed  in  the 
Emerald  mine,  Buckingham  township,  Ottawa  county,  Quebec,  and  at  several 
other  places.  It  can  also  be  seen  in  the  crystalline  rocks  on  Newport  island, 
opposite  Tiverton,  R.I.  There,  for  a  depth  of  from  one  to  two  feet,  an  apparent 
stratification  can  be  seen,  and  the  rock  below  gradually  becomes  more  massive 
until  it  merges  into  the  apparently  homogeneous  mass  of  the  hilL  The 
pyroxene  occurs  in  several  different  forms.  Sometimes  it  is  massive,  of  a 
light  or  dark  green  color,  and  opaque  or  translucent ;  at  other  times  it  is 
granular  and  easily  crumbled.  Occasionally  it  occurs  in  a  distinctly  crystal- 
line form,  the  crystals  being  in  colors  of  different  shades  of  dull  green,  gener- 
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ally  opaque  or  translucent,  but  sometimes,  though  rarely,  almost  transparent. 
The  massive  variety  is  the  most  common,  and  composes  the  greater  part  of 
the  pyroxenites  found  in  the  phosphate  districts. 

The  associated  felspar  is  generally  a  crystalline  orthoclase,  varying  iu 
color  from  white  to  pink  and  lilac ;  occasionally,  as  in  Denholm  and  iBow- 
man  townships,  Ottawa  county,  Quebec,  it  occurs  as  a  whitish-brown  finely 
crystalline  rock.  The  trap  is  of  the  dark,  almost  black,  variety.  Thin  sec- 
tions under  a  microscope  show  it  to  have  a  very  variable  composition — a  net> 
work  of  striated  blades  of  triclinic  felspar,  brownish  augite,  black  opaque 
grains  of  magnetite,  and  commonly  small  quantities  of  green  chloritic  mineraL 
The  quartzite  is  white,  gray  or  blue.  The  blue  variety  often  contains  specks 
of  felsite.  These  pyroxenes,  fels|)ars  and  quartzites  are  often  mixed  up  in  a  per- 
fect net-work,  very  similar  to  that  seen  at  Marblehead,  Mass.,  and  at  many 
places  in  the  metaroorphic  rocks  of  Mount  Desert  island.  Often  whole  hills 
are  formed  of  these  rocks,  mixed  in  various  proportions.  The  gneiss  in  some 
places  has  no  distinct  line  of  separation  from  the  pyroxene,  but  seems  to  have 
been  impregnated  with  some  of  it,  forming  for  a  few  feet  from  the  line  of  con- 
tact a  more  or  less  pyroxenic  gneiss  which  is  easily  decayed  and  eroded  by 
weathering.  In  the  Ontario  district,  as  mentioned  before,  the  pyroxene  is 
often  replaced  by  hornblende.  Thus  at  Bell's  mine,  in  Frontenac  county,  little 
or  no  pyroxene  is  met  with,  and  in  its  place  large  quantities  of  dark  green 
hornblende  occur.  The  apatite  here  is  found  in  a  rock  consisting  of  green 
hornblende  and  white  felspar  which  forms  a  ridge  about  one  hundred  yards 
wide,  parallel  to  the  strike  of  the  country  gneisi.  To  co^nptete  the  list  of  rocks 
found  in  the  apatite  districts  it  is  necessary  to  mention  the  large  veins  of 
crystalline  calcite,  which  often  contain  serpentine  and  chrysotile.  In  the 
occurrence  of  these  veins  this  Canadian  apatite  region  is  in  marked  contrast 
With  that  of  Norway,  where  little  calcareous  matter  is  found. 

OCOUBBNCK    IN    VEINS    AND    DEPOSITS. 

The  apitite  of  Canada  is  found  occurring  in  a  great  variety  of  waja. 
Prof.  T.  Sterry  Hunt  regards  moso  of  the  workable  deposits  as  veins,  but  he 
thinks  there  are  also  some  deposits  which  occur  in  beds.  He  has  disoovered 
small  masses  of  apatite  marking  the  lines  of  stratification  in  the  pyroxene. 
An  instance  of  this  was  se^n  by  the  writer  in  an  old  pit  in  Biokinghani  town- 
ship, Ottawa  county,  Quebec,  where  the  apparent  lines  of  stratification  were 
marked  by  bands  of  apatite.  Professor  Hunt  thinks  that  most  of  the  de- 
posits of  apatite  are  concretionary  vein-stones  and  have  resulted  from  a  hot 
water  solution.  He  bases  his  belief  upon  several  characteristic  facts  concern- 
ing Canada  apatite,  such  as  the  rounded  form  of  many  of  the  apatite  crystals, 
which  he  regards  as  due  to  the  action  of  partial  solution  after  decomposition 
and  not  of  fusion  as  suggested  by  Dr.  Emmons.  Another  argument  is  that 
one  mineral  in  the  vein  is  often  found  incrusting  or  containing  fragments  of 
another.  Thus  it  is  very  common  to  find  masses  of  crystalline  calcite  rounded 
into  pebbles  and  buried  in  the  centres  of  apatite  crystals  which  are  them- 
selves worn  and  rounded,  showing,  as  Dr.  Hunt  thinks,  that  the  erosive  action 
in  the  veins  has  taken  place  in  at  least  two  different  epochs.  The  appearance 
in  the  veins  of  drusy  cavities  and  the  parallel  deposition  of  the  di£Eerent 
minerals  observed  in  many  veins  are  also  arguments  for  the  theory  of  concre- 
tionary structure.  Professor  Dawson  thinks  that  many  of  the  deposits  of  the 
Ontario  district  are  true  beds 

Prof.  B.  J.  Harrington  thinks  that  most  of  the  phosphate  deposits  will 
come  under  the  heading  of  fissure  veins  and  pockets.  He  shows  that  many 
of  the  deposits  cannot  be  beds  because  they  cut  across  the  strata  of  the 
country  rock.  Many  of  the  veins  are  of  considerable  length.  A  vecy  con- 
tinuous vein  composed  of  hornblende,  calcite  and  apatite  mixed  in  varying 
proportions  and  associated  with  sphene,  zircon,  mica,  scapolite,  etc.,  ia  foaad 
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in  Renfirew  oonntj,  Ontario.     This  vein,  or  what  may  be  a  series  of  similar 
tud  parallel  veins,  was  traced  by  the  writer  for  a  distance  of  three  miles,  and  it 
ia  said  by  the  native  prospectors  to  be  traceable  for  27  miles.  It  mns  in  a  north 
40*  east  direction,  widening  and  contracting  at  intervals  and  varying  from  three 
to  thirty  feet  in  thickness.    It  can  best  be  examined  on  Tamer's  island,  in  Clear  Th«  vein  in 
iakOy  Renfrew  connty,  Ontario,  where  several  small  openings  have  been  made  cSJJ^^**^ 
in  it  for  the  pnrpoee  of  minin^jf  the  rich  apatite  foand  there.*     The  island  is  RcQfrev(N>tt  ij. 
^Iiree-qaarters  of  a  mile  long  and  from  one  hnndred  feet  to  a  quarter  of  a 
Uiite  wide.     The  vein  runs  through  its  longer  axis  from  one  end  to  the  other, 
apatite  occurs  in  crystals,  sometimes  in  considerable  quantities  and  com- 
the  greater  part  of  the  vein  matter,  and  at  other  times  scattered  spar- 
\gij  through  a  mass  of  the  crystalline  minerals  which  accompany  it.     Apa- 
crystals  of  immense  size  have  been  found  here.     One  prism  is  said  to 
>▼«  weighed  seven  hundred  pounds ;    a  crystal  of  zircon  almost  a  foot  in 
"^dimmeter  is  also  said  to  have  been  found  in  the  same  vein.      A  crystal  of 
^phonfi  from  this  locality  in  the  Harvard  mineral  cabinet  measures  over  a 
-foot  in  length.     The  country  rock  on  the  island  consists  of  a  confused  mass  of 
felspar,  coarse-grained,  unstratified  gneiss,  and  of  a  rock  composed  of  felspar  and 
liomblende.     Small  quantities  of  green  pyroxene  are  also  found.     The  vein  is 
■kid  to  change  into  pure  calcite  at  its  e^tremitiea       It  shows  no  signs,  as  far 
as  seen,  of  banded  or  concretionary  structure,  but  consists  of  a  mass  of  crys- 
tallised minerals  mixed  in  an  apparently  indiscriminate  manner.     Like  most 
apatite  deposits  in  Canada  the  vein  has  no  sharp  lines  of  division  from  the 
ooantry  rock,  but  gradually  blends  into  it.     The  hornblende  in  the  country 
roek  becomes  more  perfectly  crystalline  and  occurs  in  larger  masses  as  the 
vein  is  approached,  until  finally  when  the  vein  is  met  the  hornblende  and  the 
felspar  crystallise  out  separately  among  the  other  minerals.     "  Such  a  blend-  Blooding  of  veis 
ing  of  a  vein  with  the  walls,"  says  Professor  Dana,  "  is  a  natural  result  when  JJ[JJJJy  ^^^ 
its  formation  in  a  fissure  takes  place  at  a  high  temperature  during  the  mcta- 
morphisni  or  crystallisation  of  the  containing  rock."     This  blending  of  the 
country  rock  with  the  vein  matter  does  not  however  always  happen,  as  several 
e«se8  were  found  where  the  apatite  and  associated  minerals  came  into  direct 
^nd  nharp  contact  with   the  country  rock.      Thus  on  the  land  of  the  Sly 
brothers  in  0k».  PronU'nac  county,  Ontario,  there  is  a  vein  two  feet  wide  in  shwp>/  ti«fln«d 
<^  gneissic  rock.      Tt\(i  boundary  lines  of  the  vein  are  sharply  defined  and  ^^°'' 
'White,  red  and  transparent  calcite  is  associated  with  grass-green  hornblende 
mnd  brown  apatite  in  a  mass  apparently  devoid  of  any  banded  structure.  The 
^eln  dips  at  an  angl«»  of  85^  north  and  strikes  east  and  west.     The  country 
«t>ck  strikes  north  20*  east,  and  dips  40^  to  45*  east-southeast.     A  somewhat 
^milar  instance  is  seen  in  the  same  township  at  Boyd  Smith's  mine.     Here 
-were  three  veins  apparently  occupying  joint  planes  and  parallel  to  one  another. 
"^he  veins  are  composed  principally  of  apatite  and  hornblende,  and  their  ^en- 
-and  character  is  very  similar  to  that  of  the  last  vein  described.     They  strike 
north  15*  west  and  dip  at  10**  northeast.     The  strike  of  the  country  gneiss  is 
north  35*  east,  dip  60*  southeast,  so  that  it  is  evident  that  the  deposits  can- 
not be  beds.     They  can  be  traced  for  50  yards  along  the  side  of  the  hill. 

BANDID    STBUCTUBI    OP    VKINS. 

Some  of  the  veins  of  apatite  show  a  distinctly  banded  structure.     On 
the  land  of  James  Foxton  in  Frontenac  county,  township  of  Loughborough,  Baoded  linM- 
there  is  a  series  of  gash-veins  running  in  a  general  northwest  and  southeast  ST^xto^^ 
direction.     They  are  of  all  sizes  from  small  ones  not  two  inches  thick  to  large  property. 
ooea  three  to  six  feet  wide.     The  general  character  of  all  of  them  is  the  same. 

'^ke  same  or  a  nmilar  Tein  is  Men  to  mat  advanU^  on  the  land  of  Xarier  PUunt  on 
the  soath  aids  of  Cloar  laka.  It  widens  and  contracts  at  intervals  and  mns  in  the  same  gtm- 
mnX  diractioii  as  the  Turner's  island  vein. 
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They  occur  in  the  country  gneiss  and  occupy  an  almost  veitical  position.     . 
.     .     The  strike  and  width  of  nine  of  these  veins  were  found  to  be : 

North  11"  west,  six  inches  wide.     Red  apatite. 

North  10**  west,  eighteen  inches  wide.     Ked  apatite. 

North    B""  west,  one  to  three  feet  wide.     Bed  apatite. 

North  20°  west,  one  foot  wide.     Red  apatite. 

North    8**  west,  one  foot  wide.     Red  apatite. 

North  So''  west,  six  inches  to  one  foot  wide.     Red  apatite. 

North  36°  west,  one  foot  wide.     Red  apatite. 

North  45°  west,  one  foot  wide.     Red  apatite. 

North  30°  west^  one  foot  wide.     Red  apatite. 

The  country  gneiss  is  much  contorted  and  strikes  in  various  directions. 
It  has  an  almost  vertical  dip.  On  the  same  properties  there  are  also  other 
veins  running  in  various  directions,  but  they  are  generally  of  small  extent. 
In  one  place  a  vein  was  seen  composed  on  one  side  of  a  band  of  apatite  And 
on  the  other  of  a  band  of  pyrites  of  iron  containing  masses  of  talc  Another 
instance  of  a  banded  vein  occurs  at  Mud  lake,  Templeton  township,  Ottawa 
county,  Quebec,  where  apatite,  mica  and  pyroxene  form  the  contents  of  the 
vein.  But  it  is  generally  in  the  Ontario  district  that  the  banded  stmoture 
is  most  often  seen. 

In  the  township  of  North  Burgess,  Lanark  county,  Ontario,  are  mmnj 
Ch&raotor  of  examples  of  phosphate-bearing  veins,  some  of  which  can  be  traced  for  over  hM 
fiui^eM.^^'^^  a  mile,  while  others  are  short  and  amount  to  little  more  than  pockets.  In 
places  the  ground  is  literally  cut  up  by  a  network  of  these  veins  vaiying  bom 
a  few  inches  to  over  ten  feet  wide.  Occcuiionally  they  are  found  widening  into 
bunches  almost  twenty  feet  across.  The  veins  often  show  a  banded  stmcUire 
and  consist  of  mica  and  pyroxenite  on  the  outside  and  apatite  in  the  centre.  The 
outside  bands  of  the  veins  are  in  some  coses  composed  of  a  dark,  almost  black, 
talcose  material.  In  other  places  the  contents  of  the  vein  consist  of  apatite^ 
mica,  pyroxenite  and  white  and  flesh  or  salmon  colored  cijcite,  indiscrimin- 
ately mixed  and  associated  with  small  quantities  of  scapolite,  zircon,  sphene^ 
talc,  hornblende,  specular  iron  ore,  zeolites  and  other  minerals.  Veins  also 
occur  which  are  almost  entirely  composed  of  apatite  crystals  scattered  in  a 
matrix  of  granular  quartzite.  On  the  land  of  the  Anglo-Canadian  Phosphate 
company  at  Otty  lake,  North  Burgess,  where  some  of  these  veins  have  been 
opened  to  a  depth  of  seventy  to  eighty  feet,  the  mode  of  occurrence  of  the 
apatite  is  well  seen.  The  prevailing  country  rock  here  is  quartzite  and 
garnetiferous  gneiss.  In  some  cases  the  line  of  division  between  the  vein 
matter  and  the  country  rock  is  sharply  drawn,  while  in  others  they  gradually 
blend.  Both  of  these  phenomena,  as  well  as  the  banded  and  the  unhanded 
structure,  are  often  seen  in  different  parts  of  the  same  vein.  The  apatite 
occurs  in  bunches,  sometimes  connected  by -seams  of  the  same  mineral.  From 
a  sin<(le  one  of  these  bunches  over  a  thousand  tons  have  been  taken. 

The  contents  of  the  phosphate-bearing  veins  are  often  very  variable  at 
Contenuofphofl- different  points  in  the  same  vein,  sometimes  consisting  mostly  of  apatite, 
IS^.'****^"**  scapolite,  felspar  and  pyroxene,  and  at  others  being  composed  of  crystalline 
limestone  bearing  crystals  of  the  above  minerals.  Such  a  formation  is  seen  on 
Henry  Barr's  land  in  Renfrew  county.  At  the  McKenzie  mine  in  Bowman 
township,  Ottawa  county,  Quebec,  there  is  a  vein  in  a  hill  of  lilac-colored  fel- 
spar and  pyroxenite.  One  part  of  the  vein  is  composed  of  massive  apatite, 
holding  crystals  of  pyroxene  and  scapolite,  while  another  about  fifty  feet  dis- 
tant assumes  a  totally  different  character,  being  composed  of  a  pink  ciystallinB 
calcite  bearing  crystals  of  apatite.  In  some  places  the  calcite  has  been  worn 
away  by  the  infiltration  of  water,  and  then  the  structure  of  the  vein  can  be 
seen.  The  cavity  is  lined  with  crystals  of  scapolite  and  pyroxene  which  come 
next  to  the  country  rock,  while  the  calcite  bearing  the  crystals  of  apatite 
comes  in  the  middle.     This  formation  of  drusy  cavities  in  limestone  leads  is 
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▼ery  common,  especially  in  the  Ontario  district.  Of  ten  the  calcareous  matter 
has  been  washed  away  and  crystaU  of  apatite  and  their  fragments  are 
Scattered  over  the  bottom  of  the  hollow.  The  formation  of  cavities  seems 
especially  apt  to  take  place  at  the  point  of  junction  of  the  limestone  and  a 
Wder  mineral  in  the  vein.  Thus  in  the  township  of  Loughborough,  Fron- 
tenac  county,  Ontario,  was  seen  a  cavity  where  a  mass  of  limestone  in  a  vein 
came  in  contact  with  a  mass  of  apatite-bearing  pyroxenite.  From  this  open- 
Wg  several  hundred  pounds  of  loose  apatite  crystals  were  taken. 

0CCURRSNCE8  IN  IBBEGULAR  MASSES. 

Though  it  will  thus  be  seen  that  the  a^mtite  of  Canada  often  occurs  in 
^«ll-defined  veins,  yet  the  lar^i^t  deposits  yet  discovered  occur  in  irregular  ciin,mjterwtic« 
in  the  pyroxenic  and  felspathic  rocks.     They  seem  to  occur  at  some  of  oecarrance  in 
in  fissures  and  at  others  as  simple  segregations.     As  a  general  rule  it  ^becdil^tcS^ 
ay  be  said  that  the  vein  character  is  best  developed  in  the  Ontario  district, 
^liile  the  segregation  and  pocket  formations  are  more  common  in  the  Quebec 

XAtrict It  is  also  well  known  that  phosphate  of  lime  has,  more 

n  any  other  mineral,  the  prop)erty  of  forming  into  concretionary  and  segre- 

s^ted  masses.     Thus  Professor  lifters  found  in  the  materials  dredged  in  the 

liallenger  expedition  numerous  phosphatic  concretions  scattered  over  many 

8  of  the  sea  bottoms.     Again  in  the  pho^^phorite  deposits  of  southwestern 

ranee  and  of  Fstremadura  in  Spain  the  concretionary  form  is  one  of  the  GoQenUoDwy 

O0t  common  conditions  of  the  phosphate,  while  in  the  phosphate  region  of  f omw  of  piio9> 

Carolina  the  nodular  phosphates,  especially  those  from  Bull  river,  show  ^^^*^ 
metimes  a  distinctly  concrt- tionary  structure.     At  Crown  Point,  N.  Y.,  phos- 
of  lime  occurs  in  radiating  and  boiryoidal  masses  forming  the  eupyrsh- 
of  Emmons,  and  even  in  the  guano  beds  of  Peru  concretionary  nodules 
phosphate  of  lime  have  been  found. 

The  pockets  and  fissures  of  apatite  are  of  variable  size,  sometimes  being 

a  fraction  of  an  inch  in  diameter  and  sometimes  consisting  of  immense  Poektti. 

ies  of  massive  or  crystalline  afiatite  measuring  many  feet  in  thickness. 

vch  pockets  are  to  be  sef  n  at  the  Emerald,  Battle  Lake,  North  Star,  High 

,  Union  and  other  mines  on  the  Du  Li^vre  river.     The  apatite  is  gener- 

Ij  not  sharply  dividf-d  from  the  pyroxenite,  but  gradually  blends  with  it. 

pockets  show  sometimes  a  banded  structure,  such  as  that  of  a  cavity 

with  pyroxene  and  the  central  part  occupied  by  apatite.     Occasioned 

ge  boulders  of  country  rock  are  found  em^)edded  in  the  apatite.     Nearly 

1  these  pockets  and  tissure  veins  seem  to  take  their  distinctive  characters 

in  the  including  rocks.     Thus  where  the  including  rock  is  pyroxenic,  fel- 

thic  and  calcareous,  the  crystals  aHsociated  with  the  apatite  are  generally 

jroxene,  felspar  and  calcite,  and  where  the  country  rock  contains  large 

[snonnts  of  hornblende,  as  at  Bell's  mine,  8torrington,  Frontenac  county,  at 

8  mine  and  on  Turner's  island  in  Clear  lake,  in  Renfrew  county,  Ontario, 

iOre  are  always  found  lar<;e  quantites  of  this  mineral   in  the  vein   matter. 

few  veins  however  in  which  the  lines  of  sep>iration   from   the  country 

are  sharply  drawn  do  not  sf^em  to  be  so  dependent  on   the  including 

for  their  component  minerals. 

The  depth  to  which  the  apatite  extends  is  probably  for  all  practical  pur- 

I  unlimited.     Some  bunches  of  the  mineral  run  out,  but  others  are  found  Depth  of  apatito 

t  a  greater  or  less  distanc«^  below.     The  deepest  openings  in  Canada  are  the  **P*°*°*f*- 

^  \     ^orth  Star  mine,  township  of  Portland,  county  of  Ottawa,  Quebec,  and  the 

battle  Lake  mine,  township  of  Tenipleton  of  the  same  county.     In  Septem- 

her^  1886,  they  had  reached  the  Hepths  respectively  of  350  feet  and   210 

teet.     In  both  shafts  large  bunches  of  apatite    were  found,  separated  by 

Pjrax0Dic  or  micaceous  rucks  containing  smaller  seams  and  bunches  of  that 
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The  apatite  of  Canada  varies  considerably  in  its  physical  character.    Its 
color  is  green,  red,  brown,  white,  blue,  purple  or  black.     The  black  color  is 
Ph>8icai  charac-  generally  caused  by  the  decomposition  of  the  associated  iron  pyrites,  and  is 
ter  of  c&nadiMi  geen  in  Ottawa  and  Frontenac  counties.     Apatite  occurs  in  the  crystalline, 
suV)-cry8talline,  massive  or  granular  form.     The  granular  variety,  knowa  ts 
'*  sugar  apatite,''  is  of  a  white  or  pale  green  color  and  looks  like  coarse  sand, 
more  or  less  coherent.     It  occurs  principally  at  the  Little  Rapids  mine, 
township  01  Portland,  and  McLaren's  mines,  township  of  Templeton,  Ottawa 
county,  Quebec,  and  is  one  of  the  purest  forms  of  apatite  mined.     It  is 
uncertain  what  could  have  caused  the  apatite  to  assume  this  granular  condi- 
tion.    Some  shipments  from  Ottawa  county  have  analysed  88  per  cent  of 
tribasic  phosphate  of  lime.     The  apatite  varies  very  much  in  its  ability  to  with- 
stand weathering.     When  it  is  free  fi*om  pyrites  it  endures  it  very  well  SDd 
is  almost  as  resistant  to  erosion  as  quartz,  but  when  pyrite  is  present  it 
quickly  crumbles  away.     In  some  places  where  pyrites  of  iron  and  copper  are 
found  the  apatite  is  brown  and  rusty  for  a  depth  of  several  feet. 

MINERALS     OF    THE    APATITE    DIBTBIOTS. 

Below  is  given  a  list  of  some  of  the  more  important  minerals  of  the 
Minerals  of  the  Canada  apatite  districts.  The  crystals  often  occur  of  immense  size  and  in  a 
apatite  diatricts.  gtate  of  great  perfection.     The  zircons,  sphenes,  scapolites,  pyroxenes,  apatites 

and  micas  are  especially  fine,  and  probably  are  found  nowhere  else  in  buch 

quantities  and  in  such  perfection  : 

Apatite,  Tourmaline,  Wilsonite, 

Calcite,  Titanite,  Talc  (steatite), 

Fluorspar,  Zircon,  Chlorite, 

Pyroxene,  Orthoclase,  Prehnite, 

Hornblende,  Quartz,  Chabasite, 

Phlogopite,  Opkl,  Galena, 

Garnet,  Chalcedony,  Sphalerite, 

Epidote,  Albite,  Molybdenite, 

Idocrase,  Scapolite,  Graphite. 

The  apatite  after  being  blasted  out  is  put  through  the  process  of  "  cob- 
Grades  and         bing,"  which    consists  of  breaking   it   with   a   hammer  from  the  adhering 
orSmmerce^***  impurities.     The  highest  grade  which  is  shipped  rarely  averages  over  85  per 
cent,  tribasic  phosphate  of  lime,  and  none  of  the  mines  ship  much  phosphate 
which  does  not  average  at  least  70  per  cent.     Eighty  per  cent,  apatite  is  con- 
sidered first  quality  and  sells  for  II  to  12  pence  a  unit.* 

HABKSTS     FOE    CANADIAN    APATITR. 

The  principal  market  for  the  Canada  apatite   is  Europe.     Great  Britain 
and  Germany  consume  over  three-fourths  of  the  total  product,  which  in  1885 
amounted  to  23,908  tons.     The  market  is  unlimited  and  the  output  is  yearly 
increasing,  so  that  phosphate  mining  bids  fair  in  a  few  years  to  be  one  of  the 
jftarkets.  most  important  industries  of  Canada.     The  annexed  tables  will  ahow  the 

output  of  the  mines  in  past  years,  as  well  as  the  present  markets.  According 
to  the  Canadian  Mining  Review,  January,  1886,  the  product  for  the  past  five 
years  has  been  : 

Output  ofthe  1881 tons  16, 601 

min^  1882 1   "    17,181 

18H3 '*    17,840 

1884  "    22,148 

1885 "    28,908 

Total  for  five  years "    96,678 

*Tlie  expression  11  to  12  pence  a  unit  is  the  commercial  method  of  ngnifying  the  value  of 
1^^  the  apatite.    It  means  11  to  12  pence  for  each  per  cent.    Thus  80  per  cent,  photphaleat  U 

^Bk  to  12  pence  per  unit  would  be  worth  $17.60  to  $19.20  per  ton. 
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Shipments  to  different  ports  (same  authority) : 

1884.  1886. 

Liverpool tons  8,667  9.668 

London "  4,389           7,688 

Hmmbuig "  2,970           3,624 

Brirtol "  1,824           2,066 

Glasgow •*  3,083              482 

Barrow "  360 

PenarthRoads "  100              100 

Cardiff "  66 

Sharpness "  46 

Hull "  40 

Dublin "  210 

Sunderland "  60 

Bristol  Channel "  60 

UnitedStates  "  200 

Consumed  in  Canada *'  700 


ToUl "22,143         23,908 

b'rom  OnUrio  district,  1885 1,600 

From  Quebec  dintrict,  1885 22,408 

ORIGIN    or    LAUBBNTIAN    PH08PHATSB. 

The  origin  or  chemical  history  of  these  Laurentian  phosphates  has  heen 
%  matter  of  considerable  dispute.  Dr.  T.  S.  Hant  says  that  phosphates,  like  ^^^^  <^  tbej 
silica  and  iron  oxide,  were  doubtless  constituents  of  the  primitive  earth's  phaSes.^  p  o**  i 
crust,  and  that  the  production  of  apatite  crystals  in  granite  veins  or  in  crys- 
talline schists  is  a  process  as  independent  of  life  as  the  formation  of  crystals 
of  quartz  or  of  hematite.  Prof.  J.  W.  Dawson  on  the  other  hand  thinks  the 
Canada  apatites  are  of  animal  origin,  and  bases  his  belief  on  the  presence  of 
eozoon  and  of  graphite  in  the  associated  beds  and  of  the  flouride  of  lime  in 
the  apatite.  He  says :  **  The  probability  of  the  animal  origin  of  the  Lauren- 
tian apatite  is  perhaps  further  strengthened  by  the  prevalence  of  animals 
with  phosphatic  crusts  and  skeletons  in  the  primordial  age,  giving  a  presump- 
tion that  in  the  still  earlier  Laurentian  a  similar  preference  for  phosphatic 
matter  may  have  existed,  and  perhaps  may  have  extended  to  still  lower  forms 
of  life,  just  as  in  more  modern  times  the  appropriation  of  phosphate  of  lime 
by  the  higher  animals  for  their  bones  seems  to  have  been  accompanied  by  a 
diminution  of  its  use  in  animals  of  lower  grade."'*'  Messrs.  Brogger  and 
Rensch  in  their  description  of  the  Norwegian  apatites  think  that  they  are  of 
purely  eruptive  origin,  t 


C. — ORES   OF   NICKEL. 

Small  portions  of  nickel  occur  in  several  parts  of  the  province  and  in 
other  associations  than  those  just  mentioned.  Among  the  Laurentian  rocks  Niokeionthe^ 
in  the  eleventh  concession  of  Dallieboust,  on  the  land  of  Mr.  Louis  Levesque,  gumption 
there  occurs  on  the  bank  of  the  Assumption  river  a  quartz  vein  six  or  eight 
inches  wide  in  gneiss.  This  vein  holds  a  considerable  amount  of  cubic  iron 
pyrites  which  contains  small  quantities  of  nickel  and  cobalt.  The  amount  of 
the  mixed  oxides  of  the  two  metals  was  found  in  two  determinations  to  be 
only  0.54  and  0.56  per  cent. 

Some  specimens  furnished  me  by  Mr.  Charles  Bonner  (who  aided  me  in 
several  of  the  analyses)  from  a  mine  on  Michipicoten  island,  lake  Superior,  on  MiehipicoteB 
contain   two  minerals  which  offer  a  more  abundant  source  of  nickel  than  the  ^^*°<^* 
pyrites  just  mentioned.     The  first  of  these  is  associated  with  quartz,  and  is  a 
massive  mineral  with  an  impalpable  structure,  a  shining  metallic  lustre  and  a 

*The  reader  should  note  the  fact  that  since  the  admirable  researches  of  Mobios  it  is 
doubtful  whether  eozoon  be  uf  organic  origin.— N.  S.  S. 

t  Bulletin  of  the  Uaited  Stated  (ieolo^oal  Survey  No.  46,  pp.  23-41.  By  R.  A.  F.  Pen- 
rose^ jr.,  with  an  introduction  by  Prof.  N,  S.  Shaler. 
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color  varying  from  reddish- white  to  bronze-yellow ;  brittle,  fracture  uneven, 
snbn^onchuidal,  hardness  5.0,  density  7.35  to  7.40.  Ihe  mineral  was  at  first 
supposed  to  be  uickeline  or  arseniuret  of  nickel,  but  the  results  of  several 
analyses  show  it  to  consist  of  a  mixture  of  this  species  with  an  arseniuret  of 
copper.  The  following  are  the  results  of  four  analyses  of  different  fragments 
detached  from  the  same  mass  : 


I. 

II. 

III. 

IV. 

Arsenic 

37.36 
44.70 
17.03 

•  •  •      • 

44.67 

30.81 

24.66 

.25 

•  •  •  •  • 

27.«) 

27.29 

.21 

i6!28 

86.89 

Copl)er 

Nickel 

Silver 

99.09 

100.28 

It  will  be  apparent  from  the  following  calculations  that  these  different 
OompMition of  specimens  are  mixtures  of  nickeline  Ni^  As,  and  domeykiteCu'As,  the  former 
containing  44.1  of  nickel  and  55  9  of  arsenic  and  tlie  latter  71.7  of  copper 
•  and  28.3  of  arsenic.  For  the  tirst  analysis  41.70  parts  of  copper  require 
17.67  of  arsenic  to  form  68.37  of  domeykite  and  17.03  of  nickel  unite  with 
21.57  of  arsenic  to  form  38.60  of  nirkeline,  requirinc;  in  all  39.42  parts  of 
arsenic,  while  the  anHlysis  gives  37  36  parts,  besides  a  deficiency  of  0.91 
which  probably  corresponds  to  a  loss  of  arsenic.  For  the  fourth  analysia  we 
have  only  10.28  of  copper,  requiring  4.05  of  arsenic  to  form  14.33  of  domey- 
kite and  36.89  of  nickel  which  demand  46.74  of  arsenic,  giving  83.63  of 
nickeline  and  amounting  to  97.96  for  100  of  the  mineral.  The  nickel  con* 
tains  traces  of  cobalt.  It  is  deuirable  that  this  locality  should  be  farther 
examined,  for  an  ore  so  rich  in  nickel  is  very  valuable.  The  arseniuret  of 
copper,  which  evidently  predominates  in  some  portions  of  the  mass,  is  as  yet 
a  very  rare  species. 

Another  ore  of  nickel,  said  to  be  from  the  same  mine  as  the  preoeding^ 
Viekeioreasft  occurs  as  the  gangue  of  native  cop|>er  and  native  silver  which  are  diasem- 
Jopper  and^.^*  inated  through  it  in  grains.  The  mineral  is  aniphorus,  color  greenish-yellow 
to  apple-green,  lustre  waxy,  sub-translucent,  fracture  conchoidal,  yery  soft^ 
polishes  under  the  nail  and  falls  to  pieces  when  immersed  in  water.  It  is 
decomposed  in  acids  with  separation  of  pulverulent  silica.  The  analysiB  of 
this  material  bhows  the  presence  of  silica,  alumina,  oxides  of  nickel 
and  iron,  lime,  magnesia  and  water.  It  yields  moreover  traces  of  copper 
and  cobalt,  but  no  arsenic.  Two  portions  of  the  mineral  carefully  freed 
from  the  disseminated  metals  gave  the  following  results.  The  specimen 
in  the  first  analysis  had  been  dried  at  212^  F.,  the  other  at  a  higher  tempera- 
ture and  had  lost  a  portion  of  water. 


Ter. 


I. 


n. 


Silica 

Alumina 

Fr<  toxide  of  iron 

Oxide  of  nickel 

hitfie 

Mngnesia 

Water 


33.60 
8.40 
2.25 

30.40 
4.09 
8.6.5 

17.10 


99.39 


} 


85.80 
11.00 

88.20 
8.81 
8.87 

1S.90 


99.80 


Another  fragment  containing  the  native  metals  in  small  grains  gave  me 
silver  2.55,  copper  18.51  and  oxide  of  nickel  20.85  per  cent     It  is  said  thai 
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country,  especially  in  the  region  of  the   Lake-of- the- Woods,  as  the  following 
statements  of  witncf^8e8  examined  by  the  Commissioners  show : 

WUliam  Murdoch — 1  am  mterested  in  ^old  claims  on  Lake-<»f-the- Woods.  If 
OapfteUito afraid  the  question  of  title  were  settled  in  the  Lake-of -the- Woods  district  there  would  be 
Su  r*ituid***  *  "^"^  ^^  capital  into  it.     Americans  who  hare  been  there  express  themselTes  weU 

satisfied,  but  are  afraid  to  invest  anything  till  the  dispute  between  the  govemmenta 

is  settled. 

Jotin  K,  Wright — One  serious  cause  of  the  slow  progress  of  development  in 

▲  twiow  oauM    this  district  is  the  dispute  as  to  title  between  the  Ontario  and  the  Dominiun  gorem- 

of  flow  pro^rMf .  ments.     1  know  that  many  capitalists  have  come  here  from  St.  Louis,  CUcago, 

Miimeapolis  and  other  places  for  the  purpose  of  investing  and  have  goiio  awmy  &- 

gusted  because  a  satisfactory  title  could  not  be  obtained,  although  they  were  well 

pleased  with  the  outlook  of  the  country. 

Altx.  Mafhason — The  affairs  of  the  Winnipeg    Consolidated  company  bare 

Th«dii|rated       never  been  wound  Up  and  the  crown  lands  department  refuses  to  issue  a  patent 

fflSinU^i^^T*     ""^^  ^^®  dispute  as  to  the  title  is  settled  between  the  two  governments.     The 

bmil'    ^^^  ^^  parties  who  own  a  majority  of  the  stock  are  desirous  of  buying  out  the  smaller 

stockholders  and  securing  the  title  in  themselves.      The  disputed  title  has  killed 

mining  development  in  the  country  ;  in  fact  it  has  interfered  with  an^  thing  at  all 

being  done  on  the  lake.     American  or  Canadian  capitalists  will  not  invest  as  long 

as  the  question  of  title  is  unsettled.     The  hope  of  an  early  settlement  has  apnrted 

on  prospectors  last  year  and  this  year.     1  thiiik  more  locations  have  been  taken- up 

this  year  than  in  any  year  since  1  came  to  the  country. 

George  Mitchell — So  far  nothing  has  so  much  hindered  development  here  as  the 
Tb«  Winnipeg  disputed  question  of  title.  Col.  Robbins  of  Eureka,  Nevada,  examined  the  Winui- 
^miNUDiy^sloc*-  P®^  Con!«olidated  with  a  view  to  purchase  when  the  shaft  was  at  a  depth  of  30  or 40 
tlon.  feet,  and  was  so  satisfied  with  its  show  that  he  offered  to  take  the  property  on  the 

condition  of  a  good  title  being  given.  He  has  been  in  communication  with  myself 
A  iwnbtring  ^^^  others  fre<juently  since,  and  is  still  anxious  to  procure  a  mining  location  heie. 
#oMpany'i«iaim.  This  is  one  instance  out  of  many.  The  Keewaydin  lumbering  company's  lease  also 

stops  deveU>pment  to  a  very  c<^>nBiderable  extent,  the  company  claiming  abaolate 

control  of  the  land  covered  by  the  lease,  and  the  manager  treats  all  prospectors  and 

miners  on  the  company's  limits  as  trespassers. 

Dr.  Ilenwn — A  government  commissioner  should  be  appointed  to  settle  all 
Locstioni  in  matters  of  title  between  contending  claimants  2a  soon  as  the  question  at  iaane  be- 
4ispiite.  tween  the  Ontario  and  Dominion  governments  is  decided.    There  are  a  large  nnmber 

of  locations  in  dispute  between  prospectors  and  other  parties,  and  means  ahonld  be 
found  for  speedy  settlement  of  them.  The  Sultana  island  gold  location  was  pFM- 
tically  sold  a  few  weeks  ago  to  a  syndicate  of  American  capitalists,  bnt  we  were 
unable  to  produce  title.  An  English  company  is  also  anxious  to  get  hold  of  it,  and 
negotiations  are  now  going  on.  There  would  be  no  difficulty  in  getting  capitalista 
to  invest  here  if  the  (|ue8tion  of  title  was  settled.  When  that  question  is  settled 
the  disputes  of  rival  claimants  must  be  arranged,  and  especially  those  arising  ont  of 
the  pretensions  of  the  Keewaydin  lumbering  company,  which  asserts  a  ri|^t  to  all 
the  islands  in  the  lake.  A  little  development  work  has  been  done  on  the  Keeway- 
din and  Ueenan  locations,  but  it  has  been  stopped  by  the  lumbering  company. 

Arthur  Harcey — I  have  made  no  improvements  or  developments  on  gold  pn>- 
iMperfect  titlM  j>erty  in  which  1  am  interested  in  the  Rat  Portage  district  because  the  titka  aie 
deydopinent.      imperfect  owing  to  the  dispute  between  the  two  governments. 

The  matter  in  dispute  was  finally  decided  upon  an  appeal  heard  before 
Stil1in3]**^c^'  the  Judicial  Committee  of  the  Privy  Council  in  a  case  between  the  govern- 
eidad  by  the  ^  ment  of  Ontario  and  the  St.  Catharines  Milling  and  Lumbering  Co.,  the  oom- 
iittS^i/th"'  P*"y  claiming  the  right  to  cut  timber  upon  a  limit  held  under  a  lease  gianted 
Privy  coancii.     by  the  Dominion  government     Judgment  was  in  favor  of  the  oontention  of 

the  Ontario  government,  thus  establishing  its  right  of  poaseadon  to  all  land, 

timber  and  minerals  constituting  the  public  domain. 
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F. DETERMINATION    OF    MlNKRAl  S, 

The  followiui;  is  taken,  with  some  chanjifes  aiul  ontissiouH,  from  Topn  • 
XftaDal  for  the  uee  of  Pro5i»ector8,  and  furaUhAS  informAtum  which  iimv  i«o 
fband  lueful  to  men  of  that  ciass : 

CHEmCAL    XLXUKKTft. 

Ninetv-nine  hundredths  of  thr  earth's  crust  is  comfiOAod  of  \vh»  thnn  n\\ 
teen  elementB  and  their  chemical  and  physical  compounds.     An  otoniont   in  a  cirmonu  mid 
primmry  substanoe.     It  cannot  be  made  by  unitiu^  ditVorent  thinpt,  nor  oan  <^*"*i**>»i"«(» 
it  be  separated  into  anything  unlike  itself.     A  compound  is  made  np  of  tWf« 
or  more  elements.     A  chemical  compound  fr^nerally  is  one  wlirrein  tho  thin^ 
OMDposing  it  are  bo  changed  as  not  to  be  recognisitci  by  one  or  nion*  of  tho 
of  sight,  taste,  touch  or  smell.     A  physical  conipound  p'nerally  in  one 
the  substances  composing  it  are  unchanged,  or  so  slightly  ohHngo<l  as 
to  be  observed  without  difficulty.     To  illustrate,  wator  is  the  chenncNl  union 
of  oxygen  and  hydrogen,  invisible  gases.     Common  salt  is  a  whitr  Hulmfanee, 
oomposed  chemically  of  a  green  gas  (chlorine)  and  a  silvery  meul  (H<^liiun). 
On  tbe  other  hand,  if  salt  and  iron  filings  be  placml  toirether  and  thoroughly 
mixed,  the  eye  can  easily  tell  the  iron  from  the  salt.      If  sugar  1n<  (iisHtilvod 
in  a  cup  of  water  the  water  looks  unchanged,  anil  the  sense  of  tAHte  can  (h*(04;t 
the  sogar.     The  first  two  arc  chemical  compounds,  the  last  two  pliyMicii). 

■  LIVKKTABT    ■VRSTANCRS. 

The  number  of  elementary  substances  at  present  known  to  f»nter  in(^  the 
iposition  of   the   crust  and  atmosphere  of   the  earth   is    i\i.     Of  ihrmt^ 
is  estimated  to  constitute  50  per  cent,  of  the  earth *h  cruNt,  silicon  *25, 
dominium  10,  calcium  4.5,  magnesium  3  5,  so«lium  2,  |M)taMHium  1.0,  i;arbi)n, 
ilf^or  and  chlorine  2.4,  and  all  other  l»odies  1  p(>r  cont. 

Very  few  elements  are  found  pure  in  the  earth  :  n(*arly  hII  o<;eitr  ns  eorn 
pounds.  Oxygenis  the  great  compounder.  Oxygen  one  fifth  niixeil  with  nitro 
gm  four-fifths  makes  the  air  about  us.     It  cht'niically  uuiton  with  every  known 
element  except  fluorine,  forms  one-half  the  earth's  oruHt,  eight  ninthii  of  waM^r, 
four-fifUis  of  vegetables  (by  weight)  and  three-fourthii  of  animal h  (by  weight.) 

Ox/gen  united  with  the  non-metallic  elementH  foimai  a(:idii,t   vi/.  sul 
plmric  acid,  nitric  acid.      With  the  other  elements  it  formn  b(is<;s.     Acidn  <i.*fn)'«i 
and  bases  united  form  most  of  the  mineraU.     (Jheinicul  oornp<Miiii(in  in  Indl  ''"*'^' 
Cttted  by  the  use  of  ide  and  aU.     LU  indicateif  the  union  <>f  f  wo  <flMnirrfi«i 
Aie  sliows  at  least  three  elements,  one  of  whi<ii  is  oxygen. 

Sodium  chloride  (salt)   is  a  union  of  (Kxlium  and  ehlorinr*.     Hilvc?r  nul 
phMA^  sulphur  and  silver.      Copper  oxide,   ';opp«;r  arrl  oxygen       lf*m  p*i\  ':*t9»>'**»y**.>m 
phate,  (green  vitriol)  shows  thtl  oxygen  in  united  with  U'tn  hu4  ntt\\th*ir  i'Jj/.'.t*"*"***' 
Oslciam  carbonate  (limestone)  in  coni|><>^e«l  (/f  (;al<;itjn4,  <.«r(>«>n  «nd  *nyn»in 

Hydrogen  forms  on«-ninth   part  of  w«t4'r      Thi*  ga^  U  ^ht  )yh<>i'4r*  «;f 
known  sabstanoes.     It  burnn  frt^tly  with  a  bluish  fl«tri'' 

Nitrogen  makes  HO  per  <M;nt.  of  th"  atr/i'M|/h<'rc;.  /M  hy  ii«Mlf  'h-^yftyn 

animal  life. 

Oilorine  is  2 J  times  um  \itit,ry  hm  sjr,  ^ik*i  i/oiuti  wtUi  rvJiv^f  tv*««>»  '^/v< 
moil  aalL     It  is  a  useful  «;I^r/j«rrjt  in  '/Our  '.-v^^^'/'ioJ* 

Fluorine  forms  with  cuk-iutju  f1vvrt|/»».  «f*«i  wH.h  hy*U*t^y*t  J'/'l^v'lv/i** 
(ilao-hydric)  acid,  uw»d  Vj  fruA*  *ju  jcJ^fct* 

Silicon  oombiii*jd  wiiJj  *jry'/^:u  f.v»»/»«  rjii««  v»  '^vn^V 

Carbon,  pure,  ib  li  lif'-'Jid,  au'i  fvum  tV  j/"*'.'  'j/*'   |***»  vl  *^/»l.  j,'v«»'*.^¥#\*y 
ai^^  bitumen.      Ohany/kl  it  k:m*«/*ii   p-m  <  ti.»  ti«/t.       f/iyt4>v«.**l   •»■  j/v^*   •f*  *,»'/•• 
erjstaliised.     Unittid  waii   v/ ,*/••♦■   **.  tv»«i.r  *.*#i*»/i»i..  v^W.r"^  ^h^  v^-v^  ui 
combination  forms  a  »;.ias»  vf  mrtanvi*  «.v-  •*••'  '♦•'/•/••^•***       //•'•»*i(»^/,MtA  mt  **^« 
bonate  of  lime. 

*  Am€k  Milt  vimMt  Air,|t<MM  t»««VM*  v.-  vhi*^iu*'^  Um^m- 
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fldentific 
<lifltiiiction8. 


Sulphur  is  a  yellow  brittle  solid.  It  is  roost  abundant  in  volcanic  re- 
gions. Combined  with  metab  it  forms  a  class  of  minerals  called  sulphureU 
or  sulphides. 

Phosphorus  is  a  white,  waxy  substance.  It  is  quite  abundant  in  nature 
in  combinations.     With  lime  and  oxyi^en  it  forms  the  phonphace  of  lime. 

Aluminium  is  found  only  in  compounds.  With  oxygen  it  forms  alumina, 
of  which  the  gems  ruby  and  sapphire  are  pure  specimens.  It  largely  consti- 
tutes cUy  and  felspar. 

Potassium  is  one  of  the  lightest  of  metals.  With  oxygen  it  makes  pot- 
assa  or  potash. 

Sodium  with  oxygen  forms  soda. 

Calcium  with  oxygen  makes  lime. 

Magnesium  with  oxygen  forms  magnesia,  an  abundant  substance  in  the 
composition  of  many  rocks. 

The  other  elements  are  either  well  known  or  would  require  too  much 
space  for  description. 

MINERAL  AND  BOOK  DEFINE D. 

A  mineral  is  an  element  or  two  or  more  elements  chemically  united  as 
found  in  nature.     Water  in  a  mineral.     A  rock  geneially  lacks  definite  chemi- 
cal composition,  and  usually  consists  of   two  or  more  minerals  physicallj 
united  or  mixed,  and  found  in  nature.     If  a  man  makes  a  hard  subntanoebj 
mixing  sand  and  cement  it  is  not  a  rock  or  a  mineral,  because  not  found  in 
nature.     Scientists  usually  distinguish   minerals  from  rocks  in  their  names. 
The  names  of  minerals  usually  end  in  iU,  the  names  of  rocks  in  yte.     Halite 
is  the  mineral  common  salt.     Trachyte  is  a  common  rock  in  mining  re^oi. 
Dioryte,  phonolyte,  doleryte,  are  rocks.     The  rock  well  known  as  granite  will 
probably  maintain  its  old  Rpelling.     There  are  about  700  well  known  mine^ 
als;  of  these  200  are  id^,  200  are  silicater  and  300  are  other  aies — sulphates,  etc. 

AIDS  IN   BTCDTINO  MINER-ALS. 

The  physical  properties  of  minerals  will  aid  in  their  determinati(m. 
Lustre,  color,  transparency,  malleability,  sectility,  brittleness,  elasticity,  taste 
and  odor  will  receive  attention. 

The  scale  of  hardness  is  talc  I,  rock  salt  2,  calcspar  3,  fluorspar  4| 
apatite  5,  felspar  6,  quartz  7,  tnpaz  8,  sapphire  9,  diamond  10.  To  illos 
trate,  a  mineral  that  will  scratch  apatite  and  is  scratched  by  felspar  is  said 
to  have  a  hardness  between  5  and  6.  A  simpler  scale  is  suggested,  thumb- 
nail, knife  and  quartz  crystal.  The  thumb-nail  will  scratch  1,  2  and  3.  A 
knife  will  cut  from  1  to  6.  In  fact  many  miners  trust  entirely  to  their 
knives  to  settle  the  question  of  hardness.  Minerals  that  will  scratch  qaarti 
crystals  are  rare. 

Specific  gravity  refers  to  comparison  of  weight.  Pure  water  is  taken  as 
Specific  ^niTity.  ^^^  standard.  The  mineral  is  attached  by  a  slender  thread  beneath  one  side 
of  a  balance,  or  under  a  spring  scale,  and  its  weight  found.  Next  let  the 
mineral  hang  in  a  glares  of  wat.er,  and  as  it  thus  hangs  find  again  its  weight. 
It  will  be  less  than  before.  Subtract  the  weight  in  water  from  the  weight  io 
the  air  and  divide  thie  difference  into  the  weight  in  air.  For  example,  sup- 
pose a  piece  of  iron  in  air  weighs  460  grains  ;  in  water  401.16  grains.  460— 
401 .  16=58.84,  difference.  460  divided  by  58.84  equals  7.8,  the  specific  gravity 
of  iron. 

To  use  the  blowpipe,  practice  is  necessary  to  secure  a  continuous  stream 
of  air  from  the  mouth.  Pieces  of  charcoal,  small  spirit  lamp,  bottle  of  alco- 
hol and  some  borax  and  soda,  with  some  copper  and  iron  wire,  iiHake  an  oat* 
fit.  If  the  prospector  cannot  carry  all  these  things  he  may  often  secure  satia* 
factory  results  by  using  with  the  blowpipe  a  piece  of  burning  wood  from  hie 
cooking-fire.  In  using  the  blowpipe  it  is  important  to  remember  that  a  trial 
of  fusibility  with  the  forceps,  if  not  at  once  producing  fusion,  should  be  made 
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on  a  piece  of  the  mineral  not  larger  than  the  foarth  of  an  ordinary  pin-head, 
and  it  should  be  either  oblong  and  blender,  or  thin,  and  be  made  to  firoject  con- 
siderablj  beyond  the  points  of  the  forceps,  lest  the  forceps  carry  off  the  heat, 
and  cause  a  failure  where  there  ought  to  be  success. 

Further,  it  should  be  borne  in  mind  that  in  using  charcoal  a  white  coat- 
ing is  always  a  consequence  of  burning  it,  since  the  ash  from  its  own  combus- 
tion is  white. 

Minerals  are  mostly  crystallised,  and  a  knowledge  of  crystals  is  an  im- 
portant aid  to  a  prospector.     The  subject  is  toD  complex  and  extensive  for  CYri«*iJ^'P»p>>y 
the  scope  of  this  work. 

An  out6t  for  making  the  simple  tests  suggested  below  may  consist  of 
three  small  bottles  with  glass  stoppers,  one  of  nitric  acid,  one  of  hydrochloric  Simple  tecu. 
acid  and  one  of  sulphuric  acid,  half  a  dozen  test  tubes  and  some  glass  tubing, 
pair  of  forceps,  or  piece  of  tin  with  a  hole  in  it,  in  addition  to  the  blowpipe 
outfit  described  above. 

Carbonates — Nitric  or  hydrochloric  acid  poured  on  powdered  minerals 
containing  carbonic  acid  will  cause  a  brisk  boiling  or  effervescence. 

OeloUiting  SUiea — Some  silicates  when  powdered  and  treated  with  hy- 
drochloric acid  deposit  the  silica  as  jelly.  Boming  before  treatment  is  advised 
in  some  cases. 

Decomposing  by  Adds — Some  minerals  after  bein£^  finely  powdered  and 
boOed  with  strong  acid  will  deposit  silica  or  sulphur  or  other  substances  on 
the  glass  above  or  as  a  s^iment  at  the  bottom. 

Odor  of  Fum^ — Before  the  blowpipe  sulphur,  arsenic,  selenium  and 
phosphorus  com[>ounds  give  off  their  peculiar  odors.  Antimony  fumes  are 
dsnae,  white  and  without  odor. 

Fusibility — The  scale  of  fusibility  is  from  one  to  five.  A  mineral  that 
iKU  melt  in  a  candle  flame  is  1  ;  that  cannot  be  fused,  5. 

Color  of  Flame — When  a  mineral  contains  sodium   it  will  bum  with  a 

deep  yellow  flame.     When  soda  is  absent  potash  will  give  a  paie  violet  flame, 

lime  a  pale  reddish-yellow,  lithium  deep  purple-red,  strontium  a  bright  red, 

Oopper  emerald  green,  phosphates  bluish-green,  boron  yellowish-green,  copper 

<^liioride  azure  blue. 

Zinc — ^This  metal  when  heated  covers  the  charcoal  with  zinc  oxide,  which 
yellow  while  hot  and  white  on  cooling. 

Lead — When  the  mineral  is  treated  with  soda  on  charcoal  in  the  oxidis- 
flame  the  yellow  oxide  coats  the  charcoal. 

Copper — The  flame  is  mostly  bright  green     With  borax  a  red  or  green 

is  formed. 

Mercury — Heated  in  a  closed  tube  with  soda,  mercury  is  deposited  and 
the  inside  oi  the  tube. 

Silver — Argentiferous  galena  is  tested  on  bone  ashes  and  subjected  to  the 
xidising  flama     The  lead  sinks  into  the  bone  and  leaves  a  brilliant  globule 
^if  silver. 

Chlorides — If  a  bead  of  borax  be  saturated  with  copper  oxide  and  then 
^pped  into  the  powder  of  a  substance  which  is  to  be  tested  for  chlorine,  a 
ohloride  of  copper  is  formed  which  imparts  an  azure-blue  color  to  the  flame 
^  any  chlorine  is  present 

Phosphates — These  give  a  dirty  green  color  to  the  blowpipe  flame.  The 
color  is  more  distinct  if  the  substance  is  first  moistened  with  sulphuric  acid. 

Carbonates  of  Silcer  and  Lead — To  assay  carbonate  of  silver  and  lead, 
take  the  mineral  or  quartz,  jmlvetise  it,  put  it  in  a  crucible  or  common  clay 
pipe;  put  in  as  much  common  salt  as  mineral  ;  let  it  come  to  a  boil.  When 
it  cooIb  the  silver  and  lead  will  Ije  in  the  bottom,  silver  the  lowest  To  sepa- 
late  the  lead  from  the  silver,  put  it  in  a  bone  dust  cup  and  melt ;  the  lead 
will  absorb  into  the  cup,  leaving  the  silver  and  gold.  To  separate  the  latter, 
boil  it  in  nitric  acid  and  this  wUl  leave  the  gold. 

S9(ica) 
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BUOOSSTIONB    TO    PBOSPE0TOB8. 

Quartz  occurs  of  nearly  every  color,  and  of  various  degrees  of  glassy  lus- 
tre to  a  dull  stone  without  the  slightest  glistening.  The  common  grayish 
cobble-stones  of  the  fields  are  usually  quartz,  and  others  are  dull  red  and 
brown  ;  from  these  there  are  gradual  transitions  to  the  pellucid  quartz  crystal 
that  looks  like  the  best  of  glass.  Sandstones  and  freestones  are  ofiben  wholly 
quartz,  and  the  seashore  sands  are  mostly  of  the  same  material 

Let  the  first  trial  of  specimens  obtained  be  made  with  a  file  or  the  point 
of  a  knife,  or  some  other  means  of  trying  the  hardness ;  if  the  file  makes  no 
impression,  there  is  reason  to  suspect  the  mineral  is  quartz  ;  and  if,  on  break- 
ing it,  no  regular  structure  or  cleaveige  plane  is  observed,  but  it  breaks  in  all 
directions  with  a  similar  surface  and  a  more  or  less  vitreous  lustre,  the  pro- 
bability is  much  strengthened  that  this  conclusion  is  correct.  The  blowpipe 
may  next  be  used,  and  if  there  is  no  fusion  produced  by  it  in  a  careful 
trial  there  can  be  little  doubt  that  the  specimen  is  in  fact  quartz. 

Calcite  (calcium  carbonate),  including  limestone,  is  another  very  common 
species.  If  the  mineral  is  rather  easily  impressible  with  a  file,  it  may  be  of 
this  species ;  if  it  effervesces  freely  when  placed  in  a  test-tube  containing 
dilute  hydrochloric  acid,  and  is  finally  dissolved,  the  probability  of  its  being 
carbonate  of  lime  is  increased.  If  the  blowpipe  produces  no  trace  of  fusion, 
but  a  brilliant  light  from  the  fragment  before  it,  but  little  doubt  remains  on 
this  point.  Crystalline  fragments  of  calcite  break  with  three  equal  oblique 
cleavages. 

GOLD. 

Gold,  specific  gravity  19.3,  is  a  brilliant,  solid,  lustrous  heavy  metal,  of 
a  lordly  appearance  and  magnificent  yellow — golden  yellow — color.  There  is 
but  one  color  to  gold,  and  all  the  variations  from  that  color  simply  prove  the 
presence  of  alloys  and  the  impurity  of  the  gold,  or  whatever  goes  by  that 
name.  It  is  a  saying  among  the  miners  that  a  *' great  many  other  things  are 
mistaken  for  gold,  but  gold  is  never  mistaken  for  anything  else."  It  is  about 
as  difficult  to  say  certainly  where  gold  comes  from  as  where  it  goes  to,  as  at 
both  ends  of  its  course  it  is  in  the  smallest  possible  particles. 

About  the  bottom  fact  now  known  about  gold  is  that  all  original  iron 
pyrites  of  small  grain  texture  contain  gold  to  a  greater  or  less  extent.  Of 
course  this  does  not  cover  such  secondary  large  crystal  pyrites  as  those  found 
in  the  coal  measures  and  elsewhere,  but  only  the  pyritc^  in  veins  or  compara- 
tively unaltered  pyritous  deposits  derived  from  veins.  It  is  not  yet  known 
whether  the  gold  in  these  pyrites  is  in  chemical  combination  with  sulphur  as 
a  sulphide  of  gold,  or  whether  each  minute  particle  of  gold  is  simply  covered 
with  a  coating  of  sulphide  of  iron,  or  whether  the  pyrites  is  a  double  sulphide 
of  iron,  or  whether  the  particles  of  gold  are  in  the  metallic  state,  but  alloyed 
with  silver  or  other  metal  which  combines  more  readily  with  sulphur  than 
the  gold  does,  and  consequently  forms  a  coat  of  sulphide  of  silver,  eta,  over 
the  gold.  The  particles  of  gold  are  so  minute,  and  the  combinations,  disso- 
ciations and  re-combinations  follow  so  rapidly  during  the  splitting  up  of  these 
I>yrites,  that  the  finest  instruments  and  tests  known  to  chemistry  have  as  yet 
been  unable  to  settle  this  part  of  the  question  to  the  satisfaction  of  all  con- 
cerned. 

Gold  is  found  not  only  in  the  sulphide  veins,  but  also  in  the  crystalline 
or  quartz  and  composite  veins  formed  during  the  dislocation  and  upheaval 
of  rocks.  Quartz  that  looks  like  coarse-grained  white  sugar  is  a  good  sign, 
but  clear  rock  crystal  quartz,  or  quartz  with  a  glassy  vitreous  lustre,  wich  no 
grains  in  its  texture,  never  holds  gold.  The  granular  quartz  in  veins,  badly 
stained  with  iron  rust,  and  full  of  little  sharp-cornered  cells  with  iron  dust  in 
them,  is  the  best  prospect,  and  when  this  quartz  is  in  streaks  or  sheets  stand- 
ing on  edge,  and  intercalated  between  sheets  of  all  sorts  of  yellow  and  brown 
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minerali,  mnd  some  snlphidei  of  iron  aod  copper,  all  filling  up  a  r^in  which 
liaa  mawpw  of  brown  spongr  iron  ore  or  *'  gossan  "  acattereyi  over  xh^  surface 
at  its  oatcrop,  then  the  prospect  require?  immediate  attention.  Tbe  mis^  of 
one  of  these  veins  msj  jield  from  $20  to  i^AJ  per  ton  bj  th«  nsoal  rough  pro- 
caiies,  and  j-et  not  a  particle  of  gold  can  be  seen  in  the  rock  with  the  nitked 
efe,  and  a  powerful  gla«  reveals  b-al  few  speclu. 

These  sulphide  reins  are  the  original  home  of  the  gold  so  far  as  we  know, 
and  their  location  is  nearlj  always  in  the  talcxise  slat^ss  of  the  Huroriian  for- 
mation, althongii  in  rare  eases  they  can  be  tracked  upward  into  th<^  b!>iv>cbs 
of  the  lower  Silurian  or  whatever  rock  im mediately  overlies  the  slatt.  Many  ''I'^^m: 
▼eins  show  soft,  deoc»nposed  and  earthy  rock  and  minersl  filJing  the  ^Jtmrn^'^'''^^ 
lor  some  hundreds  of  feet  dswn  from  the  outcrop  to  the  wst«er  j«^ej  of  the 
eountrj,  and  so  fisr  things  go  on  comfortably  ;  bxjt  wh«c  th^  suiph:^d*%  are 
Iwid  and  bright  and  sharp  cornered,  and  the  waUr  gels  Irvobjf^juye,  it  is 
mofe  than  time  for  the  T-.irir.^  enginder  u>  come  with  Lis  desaJpi^srisKng  ior- 
and  scientif  c  prooeas«a. 

Freqaentiy  whole  l«ds  of  these  taj»se  sla^ss  wil]  be  f^sz«d  p>eru»j  is 
ij  direcdons  by  many  systems  of  veins  or  makisa  of  aJj  KMm,  fr^  a  sM'^re 
ribbon  set  on  ^ize  up  u>  msny  f««c  in  thickness ;  and  where  ma::y  thu.  r^^^s 
aie  IboDd  the  wb^e  mui  cd  rock  is  craah^  wti^sMd  of  tiSXemyM^  xr,  zir.zjt 
oat  any  one  vein.  This  plan  'A  crashir^  \i^  w]k>>  i&asB  is  also  a<vd  wzj^sr^ 
the  shoe  beds  are  £11^  with  iTk*.!  graiu  -rf  --saru  isA  yrii*^  fx  \*vj^  »;.* 
where  the  py^««  Ikas  '^^kc.  oxi'iised.  tnis  slat«  veir.g  sis&p>  an  o!  s  >-d  ^ 
asad,  mud,  esc  wh^  fas  b^^si  washed  dow=.  frjCb  Jho«£«  •!%i^^st  r>::k  v-ia  a 
pyrite  vein  in  it.  Wl*re  S3ch  a  wsAh^  dowa  >>«  of  ieora  zjkA  exia-Vrt  1  tg  ^>tw^*y 
fSMiogh  to  have  l«eoB«  aooipaetisd  inso  a  r>c;k.  it  k  a  jvui  v»ar:^.'  'p^  of ' 
ro^  ;  hot  wiaere  thie  wisri-  g  down  process  t^x»k  pLjk*>^  i=.  r^:«!&i  tia>^  :t  ;a  a 
gold  bearing  r^  of  asd.  nay,  auui,  grsrei  or  acyihing  ek»%  azui  it  ia  a  w^t 
or  dry  **  »iiggirigi  ^  ai:^>>rdi^  to  ru  >>»tion  abo-xe  or  Ut^w  wir«»T  \^^^ 
Whole  hi^js  of  aa^ijL  zraT»^  iLd  'tlay  xay  have  gnid  diatri'rAvd  tiLr-<s^^'*s^ 
their  entire  au^H.  cr  :ibe  z^rui  3«ay  h^  in  a  "streak'*  or  ''lead*^  ranni^  :iir:Aga 
the  hiU  ar  a  cer~.ai=.  hiei^i  cr  c^  Uia  oeri  r^k. 

Gold  occvTS  x=.  al.  "JueK  Kcnedarr  d^pcaits.  r^-.t  m  in  v^ina.  in  par:ici«*a 
too  fine  to  *:*  -ieoi*:?*:.  '.'it  m  -  wmc.  '  go.d  in  ^prais.'  h'^a  d:w?  apae  is.  v>  toe 
nnnecs  of  many  poixr..ia  wei^s.*:-  Tha;  *Jiis  wssh  goid  is  ier.v-^d  frvn  loe 
▼ein  gold  ts  a  faer^  a»if  :iow>yijeed  hy  a*l ;  'ta-m^  how  the  £ne  par^^^sa  3ii*caiB4 
sggJtmrTSTH  iz.v>  ::3^;reC4  ',r  znina  is  an  -is^wv.veri  's-ie^uoo,  aitAoagh  ta:n<<»r3 
and  ofaserven  iii  gr^a;:  =.  la-^^r  oa?*  sd^acced  en^Sli^ss  therT>a  S'Vyit  eterr.rl- 
oaty,  galranum.  ^r^cacu.o.  %i.i   w*;.jin^.  ecc.  hac  so  Isr  sil   toe  facu  are 
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AnodKT  i»>imre  >;i."it  i.t  tae  iiarxrv   :f  zoi.i  is  tha-t  in  the  iiart*  v-nnst 
free  from  sn.piLiir.  ta^  j^^ii  ji  ir,vnecimes  icjirA  in  arair^"*.  r.'tg;re):ji.  iUifet^f  >^ 
loGCiM  M  tAr,iii^  .:  JLvi   -w**r!i  "nei:*»^;,  leaii.r.j  v,  tii«  v,nc;  laion  raac 

quartz  ^eins  .'at*  v*^>;n  r^^icpA  \j  iutac  fr^m  "^^^  mI  •iicis  *u  cn.rie 
Tcias,  or  thac  -jut  viatz  na«i  vime  i^  from  v^i'-,t  ia  *  -n^vrt  .?r;k.-i».  *n*l  af--»r 
pssBing  titrott^a  i.i-r.a;i:«»  in.:  ir. -n-g  '>?f  tAi»  ^alpeiar  ass  -.r*ijrh"  :fi»»  gtviii 
up  with  XL.  .'^nuiaiia^f  '!('  tnji  i.nri  :«  .nrt:i»r-*fi  -,y  the  f-«»ir  tha*:  *iir.f«*r-iaa 
qsartz  ocncsins  lo  w*crf*r  'if  '!r7«A**.iiiaSion.  iidfierlr.^  in  thia  .•»sr>»-i::  5r:ai  tiie 
crystalline  ^ar-iicie*  ▼!'h  inin  :r.jr  "nirf;wv»3i  or  trans  parent  »!:•»:*.  P.-^  2r,id 
^partz  vvins.  w!i«i  w^hert  lo-vn,  j:<»i<i  gra^'-i  i:jr;ra-js  vi!ita;a;r.»  uytwwiT 
wash  goid  than  aTa-:-*:^  lAr-.-.'^n  :rvn  vi.^'nide  -^ina. 

Gold  in  die  inipnx'i^  anrj   -sisy?  may  "-^  w.  jne  m  to  V  rsil'y  in-r-^iHii* 
ezeept  onder  a  pr,v<vf ;.  .-n:«^rrMcnpe     %nd  ima.'.  u  the  tarticles  ar>   'a^'9  v«» 
nearly  always  ikt  and  j^wr  dnsMJ  »  :?o«t  swsy  with  any  vairt^t  of  w*ci»r  thac  iJI^*^^ 
will  earry  off  "Jie  mud.     The  "last  plan  with  dne  st.atfl  it  iii  Mid.  iai  to  !•»?  w  utfr         "^ 
alone  and  poiveRse  everything  to  the  dnest  poasit>ie  condition,  wiUi  aiefcnrj 
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in  the  mill  and  no  water  to  get  between  it  and  the  gold,  then  blow  this  pow- 
dered rock  or  clay  and  the  amalgam  all  together  through  a  long,  horizontal 
revolving  pipe,  with  a  bright  pool  of  mercury  in  the  bottom  and  rings  or  dam» 
at  short  intervals  to  deflect  the  current  of  air  and  dust,  etc.,  to  impinge  upon 
the  constantly  fresh,  rolling  surface  of  the  mercury,  which  captures  the  drift- 
ing particles  of  amalgam  while  the  lighter  rock  and  iron  dust  float  on  with 
the  air-current.     An  air-current  of  two  Jeet  per  second  will  not  float  dust  and 
scale  gold  that  a  water-current  of  two  inches  per  second  would  carry  off  with 
ease,  and  the  air-current  thus  enables  us  to  work  with  very  much  more  finely 
pulverised  material  than  the  water-current.     One  of  the  great  troubles  with 
all  water  processes  is  the  great  waste  of  gold  in  the  "slimes,"  these  being^ 
WMte  of  gold     simply  those  portions  of  the  veinstones  that  have  been  pulverised  too  fine  for 
in  the    mot.      ^^^  rough  processes  inseparable  from  the  use  of  water,  but  which  slimes  are 
just  in  the  most  convenient  size  of  grain  for  the  gentle  air-current  to  blow 
away,  leaving  the  £;old  behind  in  the  mercury  pipe.     It  must  be  remembered 
that  the  gold  in  the  sulphides  is  in  the  finest  possible  condition  for  gold,  and 
the  sulphides  containing  it  must  be  pulverised  to  at  least  the  fineness  of  the 
gold,  or  all  the  gold  is  not  freed  from  its  imprisonment ;  and  it  is  further  to 
be  remarked  that  the  gold  being  soft  and  tough  can  be  flattened  into  scales 
by  further  trituration,  but  cannot  be  broken  into  smaller  particles,  although 
the  vein-stone  can  go  on  being  pulverised  finer  and  still  finer  until  it  is  so 
much  lighter  and  smaller  than  the  gold  as  to  be  floated  out  by  an  air-current 
that  will  not  even  lift  the  scales  iu  spite  of  the  fact  that  the  pulverised  rock 
is  in  globules  or  cubes.     Another  point  is  that  the  more  the  particles  of  gold 
are  flattened  out  into  scales  by  dry  crushing  in  contact  with  mercury,  just  so 
much  the  greater  (and  the  brighter)  is  the  gold  surface  for  the  mercury  to  lay 
hold  of  it  and  hold  it  down  by  adding  the  weight  of  the  mercury  to  that  of 
the  gold  while  the  rock-dust  blows  away.     Just  the  opposite  of  this  is  the 
case  with  the  water  process,  where  the  more  the  gold  is  flattened  and  bright- 
ened the  more  easily  it  is  floated  over  the  surface  of  the  mercury,  by  reason 
not  only  of  the  water  getting  between  them,  but  also  of  the  film  of  air  which 
isolates  the  gold  in  the  water  by  floating  it  and  by  keeping  a  membrane  of 
water  around  the  air  again.     It  is  well  to  remember  also  that  air  can  always 
be  had  even  in  the  most  inaccessible  mountain  ledges,  while  water  is  not 
always  easily  obtained. 

A  good  test  is  to  pulverise  the  vein-stone  and  dissolve  it  in  aqua  regia 
A  test  for  gold  (nitric  and  hydrochloiic  acids),  then  pour  in  a  solution  of  copperas  (sulphate 
of  iron),  which  will  percipitatethegold(if  there  is  any)  in  a  brown  powder  to 
the  bottom  of  the  glass  ;  rub  this  powder  with  a  knife  and  it  reveajs  its  true 
gold  color.  The  relative  weight  of  the  gold  thus  obtained,  when  compared 
with  the  weight  of  the  original  vein-stone,  will  give  the  rate  of  yield  if  it  was 
a  fair  average  sample. 

Mica  and  the  two  sulphides  of  iron  and  copper  are  more  often  mistaken 
Common  mis-  f or  gold  than  any  other  substance ;  but  by  remembering  that  mica  is  in  bunches 
brj^at'oSde?  ™*^  ^^  sheets,  that  iron  pyrite  is  hard  and  angular  and  brittle,  that  copper  pyrite 
is  soft  and  brittle  and  cuts  into  powder,  but  that  gold  is  not  in  bunches  of 
sheets,  is  not  sharp  cornered  nor  brittle  and  hammers  out  flat,  can  be  cut  into 
threads  without  crumbling,  mistakes  will  be  avoided,  especially  when  note  is 
taken  of  the  great  weight  of  gold  when  compared  with  the  substances  men- 
tioned. 

SILVER. 

Silver,  specific  gravity  10.53,  is  an  excessively  brilliant  pure  white  metal, 

luchartctcr-      of  great  malleability  and  ductility.     It  is  harder  than  gold  but  softer  than 

^"^^  copper,  and  can  be  cut  with  a  knife  when  pure  ;  but  a  very  little  alloy  hardens 

it  disproportionately.     It  is  found  naturally  in  the  metallic  state  (but  never 
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^mtirely  pure),  and  also  in  combination  with  other  substances  forming  ores. 
TThe  metallic  silver,  as  found  native;  generally  has  a  slightly  darkened  and  dull 
looking  surface,  but  reveals  its  true  color  when  cut  or  scratched. 

Silver  glance,  or  sulphide  of  silver,  gravity  7.0,  contains  86  per  cent  sil- 
-ver  and  14  of  sulphur.  It  is  dark  gray  to  blackish  in  color,  dull  externally, 
Irat  showing  a  vitreous  metallic  lustre  when  cut,  and  can  be  cut  as  easily  as 
lead  and  is  slightly  malleable — gives  off  a  sulphur  smell  when  heated.  This  is 
4l&e  graat  ore  of  silver  and  can  be  found  in  nearly  all  the  formations  except  suiphideof 
-the  coal  rocks.  It  is  rarely  pure  and  never  forms  the  entire  metallic  contents  •*^^®'" 
of  a  vein.  Lead  veins  nearly  always  contain  this  ore  mixed  with  the  galena. 
Oalena  that  is  small  grained  is  always  argentiferous,  but  the  large  grained 
^^ena  rarely  has  it  in  paying  quantities.  The  sulphides  of  zinc  and  anti- 
mony and  frequently  copper  will  bear  testing  for  silver  glance.  The  lime- 
atones  of  the  Silurians  and  Devonians  are  the  most  likely  places  to  find  silver- 
iMaring  lead  ores,  and  next  after  these  the  slate  rocks  of  the  upper  primaries. 

Red  silver,  gravity  6  to  6.5,  when  dark  red  in  color,  contains  60  per  cent. 
aQver,  20  of  antimony,  12  of  sulphur  and  8  of  oxygen,  is  almost  opaque,  has  ^^^^^^^^'^ 
a  metallic  lustre  and  is  usually  found  in  crystals.     When  it  is  a  clear  trans- 
parent red  color,  it  is  a  double  sulphide  of  silver  and  arsenic  and  contains  65 
per  cent,  of  silver. 

Horn  silver,  gravity  5.5,  is  chloride  of  silver,  contains  75  per  cent,  silver 
mnd   25  of  chlorine.     It  looks  like  pearly   gray  putty  or  wax,  sometimes  chloride  of 
alighUy  bluish.     The  exposed  portions  on  the  outcrops  of  veins  look  like  ^^^^'' 
brown  or  black  cement.     It  is  soft,  easily  cut  and  can  be  hammered  out 
aUgbtly. 

Stiver  amalgam,  gravity  14,  is  much  heavier  than  pure  silver,  as  it  con- 
tains 64  per  cent,  mercury  to  36  of  silver.     It  has  a  very  bright  silver-white 
color,  is  very  soft  and  can  be  cut  with  a  knife.     It  is  really  not  an  ore  of  AUoyof  sUrer 
^ther  silver  or  mercury,  but  simply  an  alloy  or  mechanical  combination  of  *°**  ™*'*^^*^* 
two  native  metals.     It  is  one  of  the  principal  sources  of  silver  in  South 
America,  but  has  not  yet  been  extensively  found  in  North  America. 

All  silver  ores  are  to  be  looked  for  in  any  kind  of  veins  in  any  of  the 
TodcB  below  the  coal  measures.  All  sulphide  veins  of  copper,  antimony,  zinc  SkJ^occuJ?**^ 
or  lead  need  testing  for  silver,  as  they  are  nearly  always  found  associated. 
The  silver  may  not  be  in  paying  quantities,  but  that  can  only  be  asserted  posi- 
tively  after  testing.  All  galena  that  is  fine  grained  and  not  plainly  cubical 
in  texture  may  be  confidently  examined  for  silver. 

To  test  mineral  for  silver,  dissolve  a  piece  in  nitric  acid,  pour  in  strong 
aalt  water  and  if  the  resulting  white  powder  should  turn  black  on  exposure  to  ^  "impie  tett. 
sonli^t  it  contains  silver. 

IBON. 

Iron,  specific  gravity  7.78,  is  a  silver- white  fibrous  and  ductile  metal,  and 
the  moat  valuable  to  man  of  all  earth's  mineral  productions  except  coal.  It  is 
tiie  strongest  of  all  metals,  as  well  as  the  most  universally  diffused,  some  one 
or  other  of  its  ores  being  found  in  all  the  formations.  It  is  susceptible  of 
Tery  high  polish,  but  its  affinity  for  oxygen  is  so  great  that  it  tarnishes  very 
eaaily  and  is  never  found  entirely  pure  in  a  state  of  nature.  Some  nearly 
|mre  bits  and  small  masses  have  been  found  in  many  ore- veins,  but  always  ^Sua?**  ^  *^^ 
show  traces  of  having  been  reduced  from  the  ores  by  heat  or  precipitation 
horn  solutions.  Masses  of  nearly  pure  iron  occurring  as  shooting  stars  or 
meteors  are  frequently  found  where  they  have  fallen,  but  are  preserved  from 
further  oxidation  by  a  glazed  or  vitrified  surface  caused  by  the  heat  from  fric- 
tion with  our  atmosphere  during  their  rapid  passage  through  it.  The  iron 
(apply  of  the  world  is  entirely  drawn  from  the  natural  ores  of  this  metal,  the 
few  speoimeiis  of  native  metallic  iron  being  useful  only  as  cabinet  specimens. 
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Magnetite,  or  black  oxide  of  iron,  loadstone,  magnetic  ore,  etc.,  grayitj 
5.1,  is  a  proto-sesqui-oxide  of  iron,  in  the  proportion  of  72  percent,  of  iron  and 
28  per  cent,  of  oxygen  when  the  mineral  is  unmixed  with  impuritiea     It  is 
black  in  color ;  has  metallic  lustre  :  its  powder  is  black  and  it  occurs  crystal- 
line and  granular,  sometimes  earthy  and  compact,  but  crumbles  easily  into 
coarse  black  sand  and  is  attracted  by  the  ma^et.     It  is  found  principally  in 
veins  and  beds  throughout  the  primary  rocks  and  sometimes  in  the  sandstones, 
etc.,  Ijing  immediately  upon  the  primaries. 

Gray  oxide,  gravity  5.0,  is  the  sesqui-oxide  and  contains  70  per  cent  iron 
to  20  of  oxygen.  This  ore  is  the  specular  hematite,  is  of  steel-gray  color,  of 
high  metallic  lustre  and  its  powder  is  red.  It  is  brittle  and  crystalline  and 
frequently  slaty  in  structure,  and  is  found  principally  in  beds  in  the  prinuuy 
rocks  or  those  immediately  overlying  them,  and  the  black  oxide  is  nearly 
always  in  company  with  it,  being  of  similar  early  origin. 

Ked  oxide,  gravity  5.0,  is  also  the  sesqui-oxide  and  contains  70  per  cept 
of  iron  to  30  of  oxygen  when  pure.  This  ore  is  properly  called  hematite 
(meaning  blood-red  ore),  inasmuch  as  it  is  red  both  in  mass  and  in  powder. 
It  is  of  secondary  origin,  being  derived  from  the  foregoing  oxide  by  being  pow- 
dered, washed  off  and  re-depoeited  in  secondary  beds  which  retain  the  red 
color  of  the  powder  from  which  they  were  built.  This  ore  is  sometimes 
deposited  as  regular  beds  or  strata  of  rock  and  for  long  distances — freqaentlj 
hundreds  of  miles — it  holds  its  position  as  a  member  of  a  formation. 

Brown  oxide,  gravity  4.0,  contains  60  per  cent,  iron,  26  oxygen  and  U 
of  water.  Its  proper  name  is  limonite  and  it  is  frequently  called  brown  hemi- 
tite,  apparently  because  it  is  not  blood  colored  either  in  mass  or  in  powder.  It 
is  a  by d  rated  sesqui-oxide  of  iron  and  appears  to  be  derived  from  the  fore- 
going oxides  by  being  carried  off  and  re-deposited  from  a  solution,  whereby  it 
enclosed  its  water  of  hydration,  while  the  red  oxide  was  simply  carried  off  in 
suspension  as  powder.  The  brown  oxide  is  brown,  yellow  or  purplish  brown 
01'  black,  but  its  powder  is  always  yellow.  It  is  generally  compact  and  fre- 
quently massive,  and  like  the  dry  oxides  it  often  forms  great  cliff  formations 
in  the  structure  of  hills  and  mountains.  This  ore  is  rarely  gritty,  but  some- 
times granular,  and  a  very  pure  and  valuable  variety  looks  just  like  a  blade 
iron  sponge,  having  a  vitreous  lustre  when  broken.  Sometimes  it  occurs  in 
hollow  balls,  with  the  interior  surface  covered  with  black  velvety  cryatals; 
and  when  these  balls  are  fibrous  in  texture,  the  fibres  radiating  from  the 
centre  to  the  circumference,  it  is  called  needle  ore.  Sometimes  it  is  in  masses 
in  wet  lands,  either  as  concretions  or  as  masses  of  hard  brown  earth,  looselj 
packed  when  it  is  bog  ore.  It  puts  on  more  different  appearances  than  any 
other  ore,  and  owing  to  its  deposit  from  solution  it  has  been  carried  every- 
where that  water  can  reach  and  may  be  looked  for  in  all  the  formations.  In 
one  shape  or  another  it  is  the  most  valuable  of  American  iron  ores. 

Carbonate  of  iron,  gravity  3.5  to  4.0,  sometimes  called  siderite,  chalybite, 
sparry  or  spathic  iron,  according  to  circumstances,  is  of  many  varieties,  but 
the  definite  mineral  contains  42  per  cent,  of  iron,  20  oxygen  and  38  of  car- 
bonic  acid  and   other   impurities.     It  is   never  found  naturally  pure,  but 
always  mixed  with  sand,  lime,  clay,  etc.,  and  is  a  clay  ironstone,  properly 
speaking,  in  America.     It  occurs  in  the  secondary  and  later  formations,  and 
is  most  abundant  in  the  coal  measures,   but  the  nodular  ores  of  the  tertiary 
clays,  such  as  those  from  which  the  best  Baltimore  iron  is  made,  are  carbon- 
ates.    It  may  be  of  any  color  or  shape  from  white,  gray  or  yellowish  masses 
to  brownish  purple  nodules,  looking  like  fragments  of  exploded  shells,  or  from 
flattened  balls  to  the  full  black  band  ores  of  the  coal  measures  of  western 
Kentucky  or  of  England.     It  is  also  found  in  beds  intercalated  between 
other  rocks,  sometimes  in  a  continuous  massive  formation  looking  like  gray 
or  yellowish  limestone,  but  more  frequently  the  ledge  is  a  mass  of  flattened 
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balls  or  kidneys  of  large  size,  mixed  with  smaller  balls  and  grains  of  the  same 
6re,  with  a  lime  cement,  and  the  outcrop  of  such  beds  or  ledges  is  generally 
weathered  into  brown,  spongy-looking  masses  of  limonite.  It  is  not  one  of 
the  most  valuable  of  American  ores,  where  we  have  so  much  more  of  the 
richer  oxides,  but  the  black  band  and  the  clay  band  carbonates  of  England  have 
heretofore  produced  more  than  half  the  iron  supply  of  the  world.  In 
America  we  use  the  carbonates  chiefly  for  mixing  and  tempering  the  richer 
oxides. 

Iron  pyrites  or  *  fool's  gold,  gravity  5.0,  is  a  bisulphide  of  iron  and  con- 
tains 54  per  cent,  of  sulphur  to  46  per  cent,  of  iron.  The  rule  among  iron-  iron  pjrita*. 
masters  is  to  call  anything  an  iron  ore  which  contains  20  per  cent  of  iron,  but 
nobody  has  yet  made  iron  out  of  pyrite,  because  no  economical  process  of 
eliminating  all  the  sulphur  has  yet  been  discovered,  and  the  merest  trace  of 
sulphur  in  iron  renders  it  worthless  for  most  purposes.  The  manufacturing 
.chemists  however  make  great  quantities  of  sulphur  and  sulphuric  acid,  alum 
and  sulphate  of  iron  or  copperas  out  of  it,  and  when  heavy  veins  of  this 
mineral  are  well  located  for  work  and  transportation  they  are  worth  looking 
after.  The  mineral  itself  is  either  whitish  yellow  or  brass  colored,  is  gener- 
ally a  mass  of  cubic  ciystalline  blocks  of  all  sizes,  and  each  block  breaks  up 
into  smaller  cubes.  These  are  very  hard,  will  scratch  a  knife  blade  or  strike 
fire  with  steel  like  flint,  are  very  brittle,  and  will  give  o£f  stifling  fumes  of 
sulphuric  aoid  when  burned  in  a  candle  flame.  Pyrite  occurs  in  scattered 
crystals  or  masses  throughout  the  coal  measures,  and  sometimes  in  the  coal 
itself,  in  which  case  its  presence  diminishes  the  value  of  the  coal,  as  iron  can- 
not be  worked  with  it.  The  principal  deposits  of  pyrite  however  are  in 
veins  in  the  primary  rocks,  and  frequently  such  veins  extend  upward  into 
whatever  rocks  immediately  overlie  the  primaries.  These  veins  are  nearly 
always  indicated  on  the  surface  by  spongy  masses  of  brown  oxide  of  iron,  as 
in  the  case  of  the  carbonates,  the  outcrop  of  the  vein  giving  up  its  sulphur 
and  becoming  oxidised  by  exposure  to  the  weather.  Another  variety  of 
these  pyritous  veins  contains  arsenic,  and  the  mineral  is  then  called  mispickel. 
It  is  of  gravity  6.0,  contains  34  per  cent,  iron,  20  of  sulphur  and  46  of  arsenic  ;  Miapickti. 
has  a  silver- white  color,  high  metallic  lustre,  is  very  hard,  and  smells  of  garlic 
when  heated.  It  is  a  good  ore  of  arsenic,  but  not  for  iron.  The  iron  pyrite 
veins,  when  in  the  primary  rocks  and  of  very  small  grained  texture,  can  be 
looked  into  for  gold  with  confldence. 

Iron  paint,  or  ochre,  is  simply  oxide  of  iron,  either  naturally  or  arti- 
ficially triturated  to  an  impalpable  powder,  either  pure  or  mixed  with  clay  or  iron  p«int. 
other  material.  The  limonite  oxides  give  yellow  paint  and  the  hematitic 
give  red,  while  the  magnetic  give  black  paint.  Iron  does  not  become  red 
until  it  is  combined  into  the  sesqui-oxide,  containing  30  per  cent,  of  oxygen 
and  70  of  iron. 

COPPIB« 

Copper,  specific  gravity  8.9,  is  of  fine  red  color,  very  soft  and  ductile, 
takes  a  high  polish,   but  quickly  tarnishes  again  by  coating  with  oxide  and  QiuUitiM  of 
carbonate  of  copper.     Its  tenacity  is  nearly  as  great  as  that  of  iron,  but  its  ^^^^'' 
elasticity  is  very  low.     It  is  found  native  in  grains  and  masses  in  nearly  all 
veins  carrying  copper  ores. 

Such  mines  as  the  Calumet  and  Hecla,  near  lake  Superior,  where  they 
stamp  and  wash  800  tons  per  diem  of  rock  containing  5  per  cent,  of  its  weight 
in  shot  copper  or  copper  dust,  are  the  paying  mines.  In  the  early  days  of 
copper  mining  on  lake  Superior  a  good  yield  of  copper  was  obtained  by  small 
gangs  of  men  washing  out  the  sands  and  gravels  from  the  stream  bottoms  ^  ****"'' 
below  veins,  as  is  done  in  gold  districts ;  but  the  business  was  very  small, 
and  soon  abandoned  for  regular  mining.  A  peculiarity  of  this  lake 
Superior  copper  is  that  much  of  it  contains  silver,  not  as  an  alloy  regularly 
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combined,  but  simply  disseminated  through  the  mass  in  globules  from  the  size 
:BUyer  in  copper,  of  a  pin-head  to  that  of  a  walnut.     These  great  copper  veins  are  all  powerful 
disturbers  of  the  magnetic  needle. 

Cuprite,  or  red  oxide  of  copper,  gravity  5.9,  contains  88  per  cent,  of 

^ed  oxide  of      copper  and  12  of  oxjyen.     It  is  of  a  deep  blood  red  color,  semi-metallic  luatre, 

^pp«r.  and  is  generally  in  crystals,  either  cubic  or  octagonal.     It  is  found  in  nearly 

all  copper  veins,  being  a  product  of  the  oxidation  of  some  other  ore,  or  of 

metallic  copper  itself,  but  it  is  never  the  principal  ore  of  a  vein. 

Melaconite,  or  black  oxide  of  copper,  gravity  5.5,  contains  72  per  cent. 
fiUck  oxide  copper  and  28  of  oxygen,  is  black,  dark  blue  or  brown  color,  and  velvety  in 
.of  oopper.  appearance.     It  is  found  with  cuprite  in  all  copper  veins  as  a  result  of  the  oxi- 

dation of  other  ores,  and  sometimes,  as  at  Ducktown  in  Tennessee,  it  is  one 
of  the  most  valuable  zones  of  the  mines. 

Chalcopyrite,  or  yellow  sulphide  of  copper,  or  copper  pyrites,  gravity  4.2, 
-Copper  pyrites  contains  properly  35  per  cent,  of  copper,  30  of  iron  and  35  of  sulphur,  bat 
the  proportions  are  liable  to  all  sorts  of  variations.  It  has  a  yellow  brassy 
color  and  bright  metallic  lustre,  but  tarnishes  easily.  It  is  quite  soft,  and 
can  be  shaved  into  powder  with  a  knife.  A  bright  yellow  and  soft  ore  is  apt 
to  be  rich,  while  a  whitish  yellow,  dull  colored  and  hard  ore  is  poor,  owing 
to  the  greater  quantity  of  iron  present.  This  chalcopyrite  is  always  accom- 
panied by  pyrite,  and  in  general  the  top  of  the  vein  is  a  brown  spongy  iron 
ore  for  a  certain  distance,  then  pyrite,  with  a  little  chalcopyrite,  and  this 
latter  increases  downwards  until  at  a  couple  or  three  hundred  feet  the  vein- 
stone carries  chalcopyrite  almost  entirely,  after  which  it  is  valuable. 

Ohalcocite,  or  gray  sulphide  of  copper,  gravity  5.0,  contains  variably  25 
iOray  sulphide  ,  to  65  per  cent,  of  copper,  20  to  30  of  sulphur,  and  a  remainder  made  up  of 
/>f  copper.  iron,  zinc,  antimony,  arsenic  and  other  nuisances,  but  it  is,  nevertheless,  a 

very  easy  ore  to  work.  It  is  steel-gray  in  color,  dull  surface  and  rather  soft 
and  brittle,  and  melts  easily  in  the  flame  of  a  candle.  It  occurs  in  veins  with 
pyrite  and  chalcopyrite,  either  massive  and  crystalline  or  granular.  It  is 
proper  to  say  that  the  bi- sulphide  of  copper,  which  forms  the  basis  of  both 
chalcocite  and  chalcopyrite,  and  which  does  not  occur  as  a  natural  product 
pure,  contains  78  per  cent,  of  copper  to  22  of  sulphur,  and  looks  very  mach 
like  metallic  iron,  and  that  the  more  closely  chalcocite  approaches  bi-sulphide 
in  composition  the  richer  it  is. 

Silicate  of  copper,  gravity  2.1,  is  a  compound  of  oxide  of  copper  with 
rSiiicate  of  siHca  and  other  impurities,  and  contains  30  to  35  per  cent,  of  copper.     It  is 

^pper.  bluish-green  in  color,  resinous  or  dull  glassy  lustre  and  texture,  and  its  frac- 

ture is  like  that  of  glass,  but  it  is  soft  and  easily  cut  with  a  knife ;  tarns 
black  when  heated.  This  is  generally  rather  a  fancy  material,  but  is  some- 
times found  in  the  southern  and  Pacific  coast  mines  in  large  masses  accuma- 
lated  by  incrustations  at  and  near  the  outcrops  of  the  veins  of  other  oopper 
ores,  but  never  constitutes  a  vein  by  itself,  being  simply  a  product  of  secondary 
action  on  the  sulphides.  It  is  a  valuable  ore,  and  profitable  according  to  its 
quantity. 

Malachite,  or  green  carbonate  of  copper,  gravity  4.0,  contains  56  per 
x^reen  car'oonate  cent,  copper,  14  of  oxygen,  22  carbonic  acid  and  8  of  water.  It  resembles 
^f  copper.  green  marble,  with  bandt d  or  wavy  structure,  is  found  as  a  precipitation  in 

veins  of  other  copper  ores,  and  when  in  plates  of  any  size  is  valuable  for 
mantels,  table  tops,  vases,  and  for  all  sorts  of  ornamental  work.  It  is  also 
used  in  jewelry,  and  when  in  large  and  well-shaped  pieces,  and  of  beautifal 
color  and  texture  it  commands  a  very  high  price,  although  as  a  source  of 
copper  it  is  of  no  importance. 

Azurite,  or  blue  carbonate  of  copper,  gravity  3.8,  is  of  substantially  the 
tfiiuc  carbonate  same  composition  as  malachite,  but  is  of  a  beautiful  ]t>lue  color  and  occurs  in 
o  copper.  nodules  and  concretions.     It  is  used  only  as  an  ornamental  material,  and  can 
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%e  dnKtingiiulied  from  the  bine  siiicttfee  by  itB  deKrar  mnd  more  gem-like 
tfipeaxBiioey  mud  by  the  &ct  thai  h  effervesceB  with  acid,  which  the  silicate 
dbei  not. 

In  general  it  may  be  wd  of  copper  oree  that  thej  are  disttingnished  by 
liFeliBMB  of  oolorB  :  that  ther  are  Bcrft ;  that  theT  impart  their  colors  to  other  Q<*»?^.  «^m^ 
•abatanoet  by  rubbing :  ihat  tbey  nearly  all  tnm  bright  green  on  long 
«JLpuaiire :  and  that  they  occnr  only  in  veins  in  the  primary  rocks  or  rocks 
immediately  overlying  thenL,  or  in  igneons  rocks.  In  Colorado  the  veins  are 
in   granitic  rocks,   and  are  much  given  to  producing  malachite  and  cuprite 

as  well  as  the  salphideb. 


PLATiFra. 
Platinum  is  a  bright  white  metal,  very  like  silver  in  appearance.  Its 
^ic  gravity  is  21.15  when  pure,  lieing  the  heaviest  known  metal.  It  is  Qua«ti«i  aiki 
both  malleable  and  ductile  ;  welds  like  iron  at  a  red  heat,  but  cannot  be  *^"*'*<^- 
melted  by  any  heat  less  intense  than  that  of  the  compound  blowpipe.  It 
does  not  oxii^ae  or  tarnish,  and  is  not  attacked  by  any  single  acid.  It  is 
nerer  foiind  as  an  ore,  nor  yet  pure,  but  always  in  the  metallic  form  allied 
^Rrith  other  metals,  and  one  of  the  most  tedious  processes  in  chemistry  is  that 
€or  purifying  platinum.  It  i^  nearly  always  alloyed  with  the  metals  osmium, 
TfuHUam,  iridium  and  palladium,  one  or  two  of  which  are  thought  to  be  a:^ 
,  if  not  heaWer,  than  the  platinum,  but  the  quantities  for  testing  this 
minute  as  to  make  accuracy  difficult.  Platinum  is  found  along  with 
giM.  in  the  sands  of  the  streams  of  the  primaries.  It  is  in  flattened  grains 
maad  small  masses,  the  native  alloy  having  a  gravity  of  17  to  19,  and  haxing 
H^enerally  angular  comers  and  occasionally  black  dots  on  the  dull  white  sur- 
of  the  grains.  It  is  found  with  gold  in  Russia,  Australia,  South  America 
in  the  United  States,  but  only  sparingly  in  this  latter  country. 

M  E  B  c  u  s  T. 

Mercury,  or  quicksilver,  specific  gravity  14.4,  is  a  brilliant  silvery  white 
metsl,  liqnid  at  ordinary  teuiperature  but  freezes  solid  at  40  degrees  l>eiow  «iiMtiiiM. 
serOy  Fahrenheit,  and  when  thus  frozen  can  be  hammered  out  into  plates  or 
^Umwn  into  wire,  and  can  be  welded  like  iron.  It  occurs  naturally  in  the 
metallic  state  in  globules  disseminated  through  the  rocks,  as  the  result  of 
natoral  redaction  from  its  principal  ore,  the  sulphide  of  mercury  or  cinnabar. 

Cinnabar,  gravity  9.0  to  10.0,  contains  80  to  90  per  cent  of  mercury, 
mnd  10  to  20  of  sulphur,  is  a  vermilion  red  granular  ore,  sometimes  in  com-  oinnAh^r. 
pact  masses,  and  again  like  loose  red  earth  with  a  yellowish  tinge.  It  will 
eFspcMrate  entirely  if  thrown  on  a  red-hot  shovel.  This  ore  is  the  only  ore  of 
mercury  worth  looking  for,  and  all  the  mercury  we  know  of  is  in  the  rooks 
Skbove  the  lower  primaries,  owing  to  its  extreme  volatility.  It  is  rarely  found 
astoally  in  veins,  but  is  apt  to  be  disseminated  through  the  neighlK>ring  rooks, 
no  matter  what  rocks  they  may  be. 

mCKSL. 

Nickel,  specific  gravity  8.82,  is  a  brilliant  silver- white  metal,  very  malle- 
able and  ductile,  and  does  not  oxidise  at  ordinary  tern p(*ratu res,  lN*iiig  theitv  guaiiu^t. 
fore  very  valuable  for  cheap  coins  and  cheap  spoons  and  other  ware.     It 
ocean  in  the  metallic  form  naturally  only  with  metallic  iron  in  niet(H>rs,  and 
for  all  practical  purposes  it  is  extracted  from  its  ores. 

Copper-nickel,  gravity  7.0  to  7.5,  contains  4  A  \mT  csent.  of  nickel  U»  AO  |>er 
oent.  of  arsenic  and  5  of  iron,  lead,  sulphur,  eU*.,  but  no  oop|>er,  its  name  (^piMn-nUii*!. 
ooming  from  its  copper-like  appearance.  It  is  hard  and  brittle,  and  Kt*iterally 
fine  grained,  and  of  high  metallic  lustre,  lu  powder  is  abiuMt  blaok,  anci 
the  fresh  surface  of  the  ore  soon  taruiahes,  firat  to  gray,  which  dmi|»ens  with 
time  to  black. 
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Sulphide  of  nickel,  gravity  6.5,  contains  65  per  cent,  of  nickel  to  35  of 
sulphur,  is  a  mass  of  grayish  to  yellow  flexible  threads,  having  a  metaUic 
lustre.  This  material  is  very  rarely  found  pure,  but  is  nearly  always  mixed 
with  antimony  or  with  iron  pyrites,  as  follows  : 

Nickel  glance,  gravity  6.5,  is  sulphide  of  nickel  and  antimony,  and  con' 
tains  28  per  cent,  of  nickel,  17  of  sulphur  and  55  of  antimony.  It  is  steel 
gray  in  color,  metallic  lustre,  very  brittle,  and  occurs  in  masses  with  a  grana* 
lar  texture,  the  grains  being  almost  cubic. 

Magnetic  pyrites,  gravity  4.5  to  5.0,  is  a  compound  of  the  sulphides  of 
nickel  and  iron,  and  contains  generally  about  20  to  25  per  cent,  of  nickel 
It  is  massive,  very  brittle,  metallic  lustre,  and  dark  brass  or  orange  colored 
It  is  slightly  magnetic,  and,  although  not  so  rich  in  nickel  as  the  other 
ores,  it  is  the  source  of  nearly  all  the  nickel  supply  by  reason  of  its  gretter 
abundance. 

All  nickel  ores  are  found  in  veins  in  the  primary  or  lower  secondarj 
formations,  and  the  ores  are  rarely  found  except  in  association  with  cobalt 
ores  mixed  with  the  ores  of  copper,  lead  and  other  minerals,  as  spoken  ot 
under  the  head  of  cobalt. 

COBALT. 

Cobalt,  specific  gravity  8.5,  is  a  lustrous,  reddish  gray  metal  of  granolir 
Properiiefluid  texture  and  very  brittle.  Its  texture  can  vary  from  granular  to  fibrous  or 
^^'^'  laminated,  according  to  the  degree  of  heat  used  in  its  reduction  from  the  ores. 

Metallic  cobalt  is  never  found  native,  and  its  reduction  from  its  ores  is  exceed- 
ingly difficult  as  it  is  so  much  like  nickel  in  all  its  properties,  and  the  two 
are  always  associated.  Metallic  cobalt  is  not  useful  except  as  specimens  in 
cabinets,  etc.,  but  its  combinations  with  oxygen  and  other  elements  give  us 
smalt,  and  azure,  and  ultramarine,  and  all  the  beautiful  blue  coloring  matter 
for  glass. 

Arsenical  cobalt,  gravity  7.3,  is  a  silvery  white  mineral  containing  30 
Arsenical  cobalt,  per  cent,  cobalt,  60  of  arsenic  and  10  of  iron,  copper,  sulphur  and  other  im- 
purities.    The  silver  white  color  is  only  on  fresh  fractures,  the  external  sur- 
faces tarnishing  to  reddish  gray.     Texture  compact  to  granular.     It  is  brittle 
but  can  be  cut  with  a  knife,  and  its  lustre  is  metallic. 

Cobalt  glance,  gravity  6.5,  sometimes  called  smaltine,  contains  35  per 
cent,  cobalt,  50  of  arsenic,  20  of  sulphur  and  5  of  iron  and  other  impuritit^s. 
Its  color  is  tin  white,  with  a  light  red  tinge,  shining  metallic  lustre,  and  is  in 
well-defined  rather  cubic  crystals,  slightly  lamellar  in  structure.  It  is  not 
brittle,  cuts  with  difficulty,  and  both  this  and  arsenical  cobalt  give  off  an 
odor  of  garlic  if  held  in  the  flame  of  a  candle. 

Cobalt  pyrites,  sulphide  of  cobalt,  gravity  6.3,  contains  43  per  cent  of 
cobalt,  14  of  copper,  40  of  sulphur  and  3  of  iron,  etc.  Its  color  is  steel  graj, 
inclining  to  yellow.  It  is  found  in  grains  or  granular  masses,  the  grains 
being  cubic  in  shape. 

Oxide  of  cobalt,  gravity  variable  as  found  naturally,  looks  just  like  black 
Oxide  of  eobait.  earthy  oxide  of  manganese  or  wad,  and  is  nearly  always  mixed  with  it,  so 
that  the  character  and  value  of  the  mixture  depend  entirely  on  its  constitution. 
The  cobalt  ores  are  always  found  with  nickel  ores  in  the  veins  and  de- 
posits  in  the  primary  and  lower  secondary  formations,  and  frequently  mixed 
with  copper  or  lead  ores,  as  in  Missouri,  where  in  some  mines  the  lead  and 
copper  are  powdered  over  with  bluish  semi-oxidised  arsenical  and  sulphide 
ores  of  cobalt  and  nickel,  and  some  seams  of  the  clay  slates  are  spangled  with 
dots  of  these  ores. 

TIN. 

Tin,  specific  gravity  7.29,  is  a  silvery  white  metal  of  high  metallic  lustra 
It  is  very  malleable  and  soft,  but  owing  to  its  crystalline  texture  it  is  not 
ductile,  and  has  almost  no  tensile  coherence,  and  has  therefore  to  be  used  ia 
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bMojb  or  as  a  coating  to  other  metals.     It  oxidises  with  great  difficulty  at 
ordinary  temperatures,  and  is  therefore  very  useful  as  a  surface  coat  for  P«>P«rti<«» 
other  metals  such  as  iron  and  copper.     It  is  said  to  have  been  found  pure  in 
Russia  and  elsewhere  in  Europe,  but  only  in  small  grains,  and  is  derived 
entirely  from  tin  ores  for  commercial  use. 

Tin  stone,  or  binoxide  of  tin,  gravity  7.0,  contains  78  per  cent,  of  tin  and 
22  of  oxygen.  It  is  a  peroxide,  i.  «.,  it  cannot  be  further  oxidised,  and  is 
also  called  cassiterite.  It  can  be  gray,  yellow,  red  or  black  in  color,  is  of  a  Tin  stone, 
brilliant  lustre,  and  hard  enough  to  strike  fire  on  «*teel.  It  is  found  in  veins 
in  the  granites  and  slates  of  the  primaries,  and  is  also  found  as  grains  in  the 
beds  of  streams,  and  is  then  called  stream-tin.  It  is  the  principal  ore  of  tin, 
and  produces  perhaps  95  per  cent,  of  all  the  tin  the  world  uses.  The  prin- 
cipal tin-producing  countries  are  Cornwall  in  Britain,  and  Tasmania  and 
other  Australian  colonies. 

Tin  pyrites,  or  sulphide  of  tin,  gravity  4.4,  contains  generally  26  per 
cent,  of  tin,  30  of  copper,  12  of  iron  and  32  of  sulphur,  and  as  it  is  a  copper 
pyrite  or  iron  pyrite  as  well  as  a  tin  pyrite,  the  miners  compromise  by  calling  Sxilphide  of  tin, 
it  "  bell  metal  ore."  At  all  events  there  is  very  little  of  it,  it  occurs  in  veins 
in  the  primary  rocks,  and  is  as  often  worked  for  copper  as  for  tin  when  it  is 
found.  Its  crystalline  form  is  cubic  and  very  similar  to  iron  pyrite,  and  it 
leaves  a  black  streak  on  a  hard  white  surface. 

ANTIMONY. 

Antimony,  specific  gravity  6.7,  is  a  silver-white  metal  of  brilliant  lustre 
and  crystalline  texture.  It  is  very  brittle  and  can  be  pulverised  with  a  ham- 
mer. It  is  not  sensibly  affected  by  exposure  to  air  at  ordinary  temperature,  • 
but  tarnishes  slowly,  although  it  does  not  rust.  It  is  only  useful  as  an  alloy,  Qu^utieB  and 
being  too  brittle  to  be  used  alone.  It  is  found  in  the  metallic  state  as  an 
alloy  with  a  great  many  other  metals,  but  its  principal  useful  occurrence  is  in 
combination  with  sulphur. 

Sulphide  of  antimony,  gravity  4.5,  contains  72  per  cent,  of  antimony  and 
28  of  sulphur.  It  is  a  leaden  gray  in  color  and  of  metallic  lustre,  unless  tar- 
nished by  oxidation.  It  is  both  massive  and  fibrous,  like  bunches  of  needles, 
and  can  be  granular.  Its  powder  is  gray  and  turns  V^lack  and  irridescent  on  sulphide  of  anti- 
being  heated  and  will  melt  in  a  candle  flame,  giving  off  fumes  of  sulphur.  It  °^<>°7* 
is  found  in  the  veins  of  the  primaries  and  secondaries,  intermixed  with  the 
lead  and  zinc  ores  and  with  the  carbonnte  of  iron  ores  and  sulphate  of  bary tes, 
quartz  and  other  minerals.  There  are  oxides  of  antimony  as  well  as  other 
antimonial  minerals,  but  they  are  of  secondary  origin  and  very  rare  occur- 
rence, and  therefore  of  no  commercial  value. 


QuaUtlts. 


ZING. 

Zinc,  specific  gravity  6.8,  is  a  brittle  bluish  white  metal,  very  lustrous 
and  of  a  crystalline  foliaceous  texture  on  freshly  broken  surface.  It  is  never 
found  pure  in  nature,  but  is  extracted  from  its  ores. 

Sulphide  of  zinc,  black  jack  or  zinc  blende,  specific  gravity  4.0,  contains 
66  per  cent,  of  zinc  to  34  of  sulphur  and  impurities.  It  is  of  yellowish  brown 
color  generally,  but  can  grade  down  to  black  and  bluish  black.  It  looks  like 
masses  of  agglutinated  crystals  of  brown  honey  or  clear  resin.  It  occurs  in  8«^P*»Jde  of 
all  the  formations  between  the  Huronian  and  the  Carboniferous,  and  in  some  of 
the  gold  and  silver  mines  it  is  a  very  abundant  gangue  rock  and  choice  nui- 
sance, silver  ores  mixed  with  black  jack  being  the  most  difficult  to  treat.  The 
zinc,  which  is  only  worth  six  to  ten  cents  per  pound,  insists  on  being  attended 
to  first  and  acts  generally  as  though  it  thought  that  the  gold  and  silver  were 
mere  incidentals.  Where  mother  nature  has  had  time  however  she  teaches 
this  black  jack  to  be  useful  by  desulphurising  it  itself  and  thereby  forming 
the  carbonate  and  silicate  of  zinc. 
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Carbonate  of 
zinc. 


Oxide  of  zinc. 


Silicate  of  zinc,  or  calamine,  gravity  3.4,  contains  oxide  of  zinc,  71  per 
cent.,  25  of  silica  and  4  of  iron  and  lead ;  the  oxide  of  zinc  prodncing  from 
Silicate  of  zinc.  50  to  60  per  cent,  of  metallic  zinc  when  measured  on  the  weight  of  the  original 
mineral  calomine.  Miners  call  this  ore  and  the  carbonates  of  zinc  and  lead  all 
*'  dry  bone,"  because  sometimes  they  look  somewhat  cellular  like  old  bone, 
although  calamine  most  frequently  is  glassy,  lustrous  and  transparent  and  is 
generally  colorless,  but  occasionally  grayish  to  yellowish.  This  is  one  of  the 
principal  ores  of  zinc,  is  a  secondary  product  from  zinc  blende  and  is  found 
most  plentifully  in  the  limestones  of  the  Silurians.  It  can  occur  in  veins  or  in 
washed  deposits  from  broken  down  veins,  the  debris  of  which  has  been  incor- 
porated as  part  of  subsequent  formations. 

Carbonate  of  zinc,  or  smithsonite,  gravity  4.4,  is  very  similar  to  silicate 
and  is  even  yet  called  calamine  by  some  engineers.  It  is  softer  than  calamine 
and  heavier,  and  will  effervesce  with  acids  It  contains  65  per  cent,  of  oxide 
of  zinc  and  35  per  cent,  of  carbonic  acid  and  impurities,  the  oxide  of  zinc 
panning  out  about  50  per  cent,  of  zinc,  measured  on  the  original  weight  of 
carbonate  of  zinc.  This  ore  and  the  silicate  produce  nearly  all  the  zinc 
used  in  America.  They  are  always  found  together  and  always  where  their 
descent  from  black  jack  can  be  traced  with  time  and  opportunity  to  devote  to 
the  problem. 

Oxide  of  zinc,  gravity  5.5,  contains  75  per  cent,  of  zinc  and  25  of  oxygen 
and  impurities.  It  is  red  or  reddish  yellow,  brilliant  lustre  and  is  translu- 
cent, occuring  either  in  grains  or  in  foliated  masses  like  mica,  but  the  leaves 
are  brittle.  This  ore  accompanies  black  jack  in  the  veins  of  the  primary 
rocks  as  well  as  in  the  Silurians.  It  is  the  richest  of  all  the  zinc  ores  and 
perhaps  the  most  easily  worked  in  the  furnace,  but  it  is  not  an  abundant  ore, 
and  therefore  not  important  as  compared  with  the  silicates  or  carbonates, 
although  it  is  much  used  for  making  paint 

LEAD. 

Lead,  specific  gravity  11.445,  is  a  soft  bluish  gray  metal,  of  high  metallic 
Properties.         lustre  when  freshly  cut,' but  tarnishes  almost  immediately ;  leaves  a  black  mark 
when  rubbed  on  paper ;  very  ductile.     It  is  rarely  or  never  found  pure  in 
nature,  but  is  extracted  from  its  ores. 

Galena  or  sulphide  of  lead,  gravity  7.7,  contains  86  per  cent,  lead  to  14 
of  sulphur  ;  is  of  leaden-gray  color,  high  metallic  lustre  and  nearly  always  is 
a  mass  of  cubic  crystals  which  are  very  brittle  and  easily  powdered  into  black 
Sulphide  of  lead.  dust.  It  melts  and  gives  off  sulphurous  fumes  when  heated.  It  nearly  always 
contains  more  or  less  silver,  which  frequently  is  enough  to  pay  for  extraction  ; 
in  fact  many  of  the  great  silver  mines  of  the  world  are  simply  galena  veins, 
which  are  worked  primarily  for  the  silver,  alnd  the  lead  saved  after  reduc- 
ing the  silver  is  then  sold  as  a  secondary  product.  Galena  is  the  mother 
source  of  all  lead,the  other  ores  being  the  result  of  reaction  on  the  sulphide 
by  other  agents.  It  occurs  primarily  in  veins,  but  also  in  beds  and  pockets, 
these  being  vein  materials  washed  down  or  dissolved  and  re-deposited.  The 
veins  are  most  frequent  in  the  primary  rocks,  but  they  are  found  all  the  way 
up  among  the  formations  to  the  base  of  the  carboniferous,  where  the  veins 
are  larger  than  in  the  primaries  but  not  so  frequent.  A  feature  of  galena 
veins  is  that  in  limestone  they  are  largest  and  diminish  down  through 
sandstones,  and  are  smallest  in  the  slates  of  the  primaries.  The  Silurian  and 
Devonian  limestones,  lying  immediately  on  or  separated  from  the  slates  by 
very  thin  members  of  the  same  groups,  as  in  the  Mississippi  valley,  appear  to 
be  the  best  places  to  look  for  galena  veins  and  deposits,  while  the  great  sil- 
ver-bearing lead  deposits  of  Utah  and  other  western  localities  appear  to  have 
very  little  system  in  their  modes  or  locations  of  occurrence. 

Oerussite  or  carbonate  of  lead,  gravity  6.5,  contains  77  per  cent,  of  lead 
when  pure  mineral,  but  except  as  cabinet  specimens  it  is  never  found  pare : 
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60  to  65  per  cent,  of  lead  is  ita  praciicai  vie! J.  the  bjilancf  being  oxvgen.  car- 
l>onic  acid,  sQicai,  iron,  zinc  and  oiher  impurities.  The  pure  minend  is  in  J^JjJ'^"'***  ^'' 
t;ranalacent  grayish  white  crystals,  but  the  ore  of  lead  is  known  as  *'  dry  bone  " 
on  mccount  of  its  appearance.  It  is  generally  a  little  porous,  of  white  or  yel- 
low or  reddish-yellow  color  and  looks  much  more  like  masses  and  cakes  of 
€slay  than  anything  else,  and,  unless  its  weight  reveals  its  nature,  it  is  apt  to 
thrown  aside.     It  is  found  with  galena  and  is  frequently  the  outside  of  a 

38  of  which  the  inside  is  galena  not  yet  entirely  changed  to  cerussite,  and 

xn  such  cases  the  mass  looks  like  compact  ashes.  It  does  noc  form  veins  or 
deposits  by  itself,  but  its  presence  is  a  good  indication  that  galena  is 
and  there  is  sometimes  enough  cerussite  with  the  galena  to  pay  for 
oxtraction. 

Pyromorphite,  or  phosphate  of  lead,  gravity  6.8,  contains  55  per  cent,  of 
lead  and  is  a  green  or  yellow  earthy-lo-  king  indeterminate  crystal  or  mass  of  Ph<wphat«  o( 
crystals,  covering  cerussite  or  galena  as  an  incrustation.     It  is  a  secondary 
product  and  is  chiefly  valuable  as  an  indication  that  galena  is  to  be  found 
below,   the   pyromorphite   generally  showing   at   the   outcrop  of   veins   or 


There  are  oxides  of  leads  made  artificially  for  painting  purposes  and  a 
sulphate  of  lead  which  effloresces  over  galena  deposits,  and  there  are  other  othor  com- 
minor  occurrences  of  the  compounds  of  this  mineral ;  but  they  are  all  second-  p^^""***- 
ary  products  of  galena,  and  except  those  named  they  are  not  even  reliable  indi- 
cations of  the  proximity  of  lead  and  are  nearly  indistinguishable  from  ordi- 
nary clays  and  earths. 

CHROME. 

Ohrome,  specific  gravity  6.0,  is  a  grayish  white  metal  of  radiated  and 
cryatalline  texture,  very  hard  and  brittle.  It  is  never  found  native  and  can  occarrencetL 
only  be  reduced  from  its  ores  with  great  difficulty,  and  is  therefore  rarely 
used  in  its  metallic  state,  but  mostly  in  combination  with  oxygen,  making 
chromic  acid,  which  combines  with  potash  and  other  bases  to  make  coloring 
matters. 

Oxide  of  chrome  is  chrome  with  one  part  of  oxygen,  and  in  this  form  it 
ii  translucent  and  crystalline,  of  green  to  yellow  color,  and  the  crystals  can  be 
large  or  so  small  as  to  be  merely  dust.  This  mineral  combined  with  oxide  of  Oxidc  chnm»r. 
uxm  makes  the  chromic  iron  ore  from  which  all  the  chromic  salts  used  are  pro- 
<iuced.  Sometimes  in  this  ore  the  two  oxides  are  simply  mixed,  and  sometimes 
^e  oxide  of  chrome  takes  up  the  oxvgen  out  of  the  iron  and  becomes  chromic 
^cdd,  when  it  attacks  the  iron  and  forms  chromate  of  iron,  which  is  the  most 
^^nal  form  of  chrome  ore.  This  ore  again  is  mixed  with  alumina  and  mag- 
ia  and  occasionally  silica,  in  which  last  case  it  is  valueless,  the  silicious  ores 
yet  having  been  economically  reduced.  The  general  appearance  of  chro- 
ic  iron  ore  is  that  of  agglomerated  masses  of  crystals,  apparently  stuck 
ther  with  white  or  yellow  paste.  The  crystals  are  usually  about  as  large 
No.  1  shot  and  of  black  or  greenish  black  color,  with  a  gravity  of  4.5  to 
^0.  The  masses  of  crystals  are  very  hard,  but  very  brittle,  and  the  amount 
:4  oxide  of  chrome  obtainable  is  from  40  to  60  per  cent.  It  is  nearly  always 
^CDund  with  serpentine,  and  never  outside  the  limits  of  magnesian  rocks.  The 
'  rincipal  sources  of  supply  are  the  serpentines  of  the  Atlantic  states  and 
^milar  formations  in  California.  - 

MANGANESE. 

Manganese,  specific  gravity  8.0,  is  a  grayish  white  metal  of  very  mild 

iistre,  fine  granular  texture,  rather  soft  and   very  brittle  and  oxidises  very  properties. 

^^pidly.     It  is  very  difficult  to  obtain  pure,  and  unless  produced  by  a  can^ful 

^nd  complicated  chemical  process  it  contains  carbon  and  then  resembles  cast 

iron  both  in  appearance  and  quality,  varying  principally  in  being  more  brittle 
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and  80  bard  as  to  strike  fire  and  scratch  the  best  steel.  It  enters  into  alloys 
with  pretty  much  all  the  other  metals,  and  makes  them  harder  and  whiter  as 
well  as  more  brittle.     It  is  never  found  in  the  metallic  state  in  nature. 

Pyrolusite  or  peroxide  of  manj^anese,  gravity  4.8,  is  a  black  to  blackish 
brown  shining  mass,  sometimes  velvety  or  fibrous  in  appearance  and  contains 
63  per  cent,  of  manganese  to  37  of  oxygen.  It  is  found  in  veins  in  the  pri- 
maries and  lower  secondaries  and  nearly  always  more  or  less  mixed  with 
oxide  of  iron,  making  a  compound  ore  which  when  combined  in  proper  pro- 
portions smelts  into  ft^rro-mansj^nese,  a  very  useful  substance  for  physicking 
Peroxide  of  num-  Bessemer  and  other  steel.  Spiegeleisen  is  one  of  the  varieties  of  ferro-man- 
M^^^  ganese,  these  special  compounds  being  smelted  from  ores  either  natorally  or 

artificially  mixed.  This  ore  of  manganese  is  used  extensively  as  a  prodaoer 
or  yielder  of  oxygen  for  all  sorts  of  laboratory  uses  and  for  bleaching  pur- 
poses. When  this  ore  takes  up  water  and  becomes  hydrated  it  is  called  peilo- 
melane,  so  long  as  it  remains  in  the  veins  with  the  pyrolusite,  where  it  is  found 
often  in  streaks  through  the  last  named. 

Sparry  mangnnese,  gravity  3.6,  contains  53  per  cent,  of  oxide  of  man- 
ganese, 40  per  cent,  of  silica  and  7  per  cent,  of  iron,  lime,  magnesia  and  water. 
Sparry  mangan-  It  occurs  with  the  Other  uianganese  ores  and  usually  in  crystalline  masses^ 
•*®*  flesh-red  in  color,   but  can  be  brown  to  yellow  and  even  green  and  is  aemi- 

trxnsparent  generally,  but  sometimes  opaque  and  is  nearly  always  black  on 
long-exposed  surfaces. 

NATUBAL    PAINTS. 

Natural  paints  are  those  minerals  which,   when  finely  powdered  and 
Mineral  paints,    mixed  with  oil,  will  adhere  to  any  surface  upon  which  they  may  be  spread, 
and  in  time  form  a  skin  or  film  hard  and  impermeable  enough  to  protect  the 
surface  from  ordinary  weathering. 

Red  iron  paint  is  composed  of  oil  mixed  with  the  red  powder  of  pulver- 
Bed  iron  paint,  isod  sesqui-oxide  of  iron,  the  ores  for  this  purpose  being  the  gray  or  red  oxide, 
i.  0.,  the  specular  and  red  hematites  described  under  the  head  of  iron  and  its 
ores.  The  sesqui-oxide  of  iron  contains  70  per  cent,  of  iron  and  30  of  oxy- 
gen, and  is  tho  richest  possible  red  iron  paint,  for  the  reason  that  no  iron 
oxide  becomes  red  until  it  takes  up  30  per  cent,  of  oxygen,  notwithstanding 
the  efforts  of  certain  paint  makers  who  guarantee  their  red  paint  to  contain 
72  and  even  90  per  cent,  metallic  iron.  The  red  paint  made  by  complete 
pulverising  of  the  gray  sesqui-oxide,  or  the  red  dyestone  hematite  ores,  with 
very  heavy  machinery  and  conscientious  care,  is  a  first-class  painty  and 
possesses  merit  enough  of  its  own  without  any  90  per  cent,  guarantee  or 
sailing:  under  false  colors. 

Yellow  iron  paint  is  the  powder  of  pulverised  hydrated  sesqui-oxide  of 
Y«iiow  iron  iron,  commonly  called  limonite  or  brown  hematite  iron  ore.  When  pure 
P^°^  this  ore  cannot  contain  more  than  60  per  cent,  of  iron,  but  by  mixing  with 

the  anhydrous  oxides  the  color  is  darkened  and  the  metallic  percentage  in- 
creased nearly  up  to  that  of  the  red  or  black  oxide. 

Black  iron  paint  is  the  powder  of  pulverised  black  oxide  of  iron,  this 
Black  iron  being  the  magnetic  ore,  and  contains  when  pure  72  per  cent  of  iron.  This 
paint.  Q^Q  jg  ^  proto-sesqui-oxide,  and  is  the  richest  possible  stable  or  fixed  compound 

of  iron  and  oxygen,  the  proto-oxide  changing  into  this  by  taking  up  more 
oxygen  on  the  first  exposure  to  moist  air.  This  black  powder  mixed  with 
the  red  or  yellow  powders  gives  a  very  wide  range  of  colors,  and  all  in  first- 
class  metallic  oxides. 

Umber  is  of  variable  shades,  but  is  produced  by  mixing  the  iron  paints 
Umber.  with  powdered  oxide  of  manganese,  which  gives  a  purplish  gloss  to  the  iron 

colors. 

Red  copper  paint  is  the  pulverised  red  oxide  of  copper,  and  is  raraly 
Had  and  gre«n  made  for  use  out  doors  as  the  ore  is  too  valuable.  Green  copper  paint  is  the 
-M>pp«r  paint      pulverised  green  silicate  of  copper,  and  is  a  fancy  color. 
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IB  the  oxide  of  zinc,  and  is  not  foaikd  pure  enoiif^h  iii  nittfiiyii  ^^^  ^^^ 
«o  that  it  ham  to  be  mannfactnred  with  great  seorecy  at  lar^  and  oostly 
«rtablnhwaita. 

White  lead  ii  carbonate  of  lead,  wliicb   also  u  made  in  lar|B|e  Mtablinh- 
moots  and  uider  complicated  prooessea,  the  natiTe  carbonate  ores  of  lead  viot        ^ 
beinf^  pore  enough. 

CLed  lead  is  an  oride  of  lead,  and  has  to  be  carefally  mann^tvired  by  ^^  ^^^ 


Vermilion  is  pulverised  cinnabar,  the  smlphide  of  mercurr.  v««nintoii. 

Spar  paint  is  palverised  barytea.     It  makes  a  tolerable  painty  very  whit4^  ^^^^  ^^^ 
eolor,  and  is  the  best  thing  to  mix  with  white  lead  or  dnc  painta,  if  you 
«rill  liave  adulterations. 

Cement  paint  is  any  kind  of  lime  mixed  with  vegetable  oil  instead  of  ,.,^^^4  -^^^^ 

^,  as  in  the  case  of  whitewash.     There  are  some  <^  the  cements  which 
a  moat  admirable  paint  when  ground  in  oil 

Slate  paint  is  simply  selected  scraps  of  fine-grained  slates  nulveriaed  and 
mixed  or  gronnd  in  oiL     When  used  in  very  thick  coats  the  slate  paints  be-    ^    '^ 
«oiii6  fireproof,  and  mixed  with  india  rubber,  or  sometimes  asphaltic  mineral, 
thej  make  good  roofing. 

Graphite  paint  is  pulverised  pure  black  lead  or  graphite.     This  is  very 
fine  and  glossy,  and  can  be  made  into  a  fireproof  coating  for  roofs  and  other  *^'^*^  ^^^ 


Bed  ochre  is  fine  clay  containing  enough  red  iron  ore  to  tint  it.  It  can 
be  made  artificially  by  mixing  red  iron  paint  with  clay,  but  the  fine  natural  H«ii  <Mhr«. 
ochres  are  the  most  valuable  by  reason  of  the  immense  amount  of  assortment 
sind  trituration  which  they  have  undergone,  and  which  man  has  not  yetsucceiw 
fally  imitated  except  by  ex|)ensive  chemical  precipitation.  It  is  possible 
that  a  mixture  of  iron  paint  and  hydraulic  cement  or  lime  might  prove  very 
▼aluable. 

Yellow  ochre  is  any  mixture  of  clay  with  brown  iron  ore,  anti  can  Im 
prepared  artificially,  as  with  red  ochre,  but  the  natural  mixture  is  the  Inist.  ▼•»<*•»• 'Whw. 
These  ochres  when  mixed  with  manganese  make  the  different  shades  of  uinbf*r. 
The  difif'  rence  between  the  metallic  paints  and  the  oohraceous  painta  is  merely 
that  the  metallic  paints  are  the  pure  oxides,  while  tho  ochres  have  more  or 
ietB  clays  mixed  with  thein.  AH  natural  paintM  should  be  cari»fully  assortml 
into  lumps  of  uniform  color  and  texture  l)efore  being  powdenid,  or  the  result 
will  be  variable.  The  yellow  iron  paints  and  ochres  change  to  red  by  burn- 
ing, t.  e.,  th»  water  of  hydration  is  burned  out  of  the  limonit«)  iron  ore,  leav' 
ing  it  a  red  hematite. 

PBOF.    CLATTOK's    AI>VICI    TO    P  RON  H  KOTO  RM. 

1.  Examine  the  gravel  and  boulders  of  the  mountain  streams,  and  note 
carefully  the  structure  and  character  of  the  gravel  wash.     'J*his  will  reveal  i»*  tn'MjHUin 
the  geological  formations  that  are  intersected  by  the  striAm.     Try  the  sands  "'*''"'" 

mt  the  heai  of  the  gravel  bars  for  free  gold  or  for  any  crystal li»<»d  minerals. 
If  tlie  Mructure  of  the  quartz  boulders  or  other  vein  ston«fS  is  favorable,  go 
ajf  the  stream  until  the  geological  zone  is  found  that  lias  prfxluce<l  the  <|iiarix 
or  other  metal-beann<;  minerals.  Then  follow  tlie  u^ipptm^ui  metal  Ufaring 
xone  on  its  line  of  strike,  and  make  especially  careful  examinations  wherever 
eruptive  dykes  are  found  iutemecting  the  formation. 

2.  When  a  lode  or  vem  is  found,  note  carefully  its  relation  f/f  the  ^y/uri 

try  rock,  especially  any  differences  in  the  opf>osjte  walls  of  the  vein.     Then  'Pn   4imvf^m$ 
follow  it  on  the  line  of  outcrop,  and  note  carefully  th<MM?  points  where  the  l>est  *  *"^ 
ores  are  seen,  f^  as  to  determine  the  position  of  the  best  ore  chutes  Mortf 
making  any  location  on  th^  lode. 

5.  The  first  work  shouM  o^mnhit  of  shallow  cuts  across  tlie  l'>de  at  int^rr 
wals  of  50  to  1 00  feet,  or  if  the  vein  is  small  and  partialJy  ocrvered  by  soil  and  ^'^  *^^ 
debris,  a  tieskch  along  the  line  of  outcrop  is  preferable. 
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Exploring 
underground 


inking  Bhaft 
•nd  running 
levels. 


De«d  work. 


Methods  of 
reduction. 


Requirements 
for    subsequent 
operations. 


4.  The  work  of  exploring  the  vein  under  ground  is  the  next  thing  in 
order.  To  do  this  intelligently  you  must  select  that  point  on  the  line  of  out- 
crop where  the  best  ore  is  found,  then  sink  a  shaft  on  the  lode  following  the 
angle  of  dip,  keeping  both  foot  wall  and  hanging  wall  exposed  if  possible. 
If  the  lode  is  too  wide  for  this  to  be  done,  then  follow  the  best  ore  streak  of 
the  vein  itself,  and  at  every  fifty  feet  in  depth  make  cross-cuts  to  the  walls  of 
the  vein. 

5.  After  100  feet  deep  has  been  reached,  run  levels  each  way  from  the 
shaft  on  the  line  of  the  vein  in  order  to  determine  the  extent  or  spread  of  the 
the  ore  chute  or  chimney  on  the  horizontal  line.  When  the  limit  of  the  ore 
body  on  the  horizontal  line  has  been  ascertained,  then  sink  100  feet  more, 
and  drift  right  and  left  as  before.  If  more  than  one  chimney  of  ore  is  found 
on  the  line  of  the  vein  a  shaft  should  be  sunk  on  it  and  dnfts  ran  as  above 
stated,  being  careful  to  confine  all  the  exploring  work  within  the  walls  of  the 
vein  itself. 

6.  When  enough  has  been  done  to  prove  the  character,  size  and  quality 
of  the  vein,  it  will  then  be  time  to  determine  the  position,  character  and  ex- 
tent of  the  '  dead-work '  necessary  to  work  the  mine  to  the  deep.  These 
questions  should  be  settled  by  careful  surveys  made  in  the  light  of  all  the  local 
facts  and  surroundings,  such  as  the  geological  structure  of  the  country  rock, 
the  probable  amount  of  water  to  be  raised,  the  lowest  point  of  drainage  by 
adit  or  level,  and  the  most  convenient  point  for  the  delivery  of  the  orea  to  the 
surface,  etc.  The  last  part  of  the  preliminary  exploration  of  any  mine  is  to 
determine  by  actual  tests  what  are  the  best  methods  of  redaction,  and  the 
extent  and  kind  of  reduction  works  needed,  etc. 

7.  After  all  these  preliminary  facts  have  been  thoroughly  ascertained 
and  clearly  defined,  the  unavoidable  risks  of  mining  will  have  been  fully  met 
and  overcome.  All  subsequent  operations  are  simply  matters  of  skill  and 
business  management,  and  the  capitalising  of  the  mine  becomes  a  mere 
matter  of  business  detail.     The  requirements  are  as  follows  : 

(1)  The  preliminary  exploration  must  have  ore  enough  cut  and  onder- 
run,  or  otherwise  exposed,  to  give  at  least  two  years'  work  for  reduction  works 
of  an  extent  sufficient  for  the  annual  average  output  of  ore. 

(2)  The  reduction  works  must  be  suited  fbr  the  best  treatment  of  the 
ore. 

(3)  The  exploration  of  the  mine  must  be  pushed  ahead  of  the  extraction 
of  ore,  so  as  to  expose  at  least  one  ton  of  ore  in  new  ground  for  every  ton 
extracted  from  the  previously  explored  ground. 

(4)  Before  erecting  reduction  works  the  ore  exposed  in  the  mine  fihoald 
be  so  thoroughly  tested  as  to  guarantee  a  net  profit  sufficient  to  pay  the  whole 
cost  of  such  work. 

(5)  The  mine  being  well  opened  and  the  reduction  works  or  plant  estab- 
lished, the  general  success  of  the  enterprise  must  depend  upon  the  efficiency 
of  the  general  business  management 


Iron  ore  wealth 
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G. — EXPLORING    FOR   IRON   ORE. 

BT  WILLIAM  COB,   ONE  OF  THE  COMMISSIONEBS. 

The  iron  ore  deposits  of  our  province  have  as  yet  remained  practically 
undeveloped.  A  few  mines  have  been  opened  and  some  shipments  of  ore 
made,  proving  their  extent,  their  richness  and  their  great  commercial  value  ; 
but  what  has  been  done  is  simply  a  drop  in  the  bucket  compared  to  what 
remains  to  be  done.  The  wealth  yet  to  be  mined  is  simply  incaloalable. 
There  remains  in  natifre's  storehouse  of  underground  deposits  treasures 
which,  if  a  business  was  once  opened  by  their  working  and  manufacture  in 
various  ways,  would  bring  this  province  into  a  prominence  that  no  other  com- 
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v&ercial  enterprise  could  approach.  The  results  would  be  a  great  increase  of 
population,  an  active  transportation  serrice  both  bj  rail  and  water,  and  an 
influx  of  capital  surpassing  any  calculation  that  might  be  formed  of  what  is 
Hkelj  in  this  respect.  Our  present  mineral  enterprises  are  so  recent  that 
public  attention  needs  to  be  drawn  to  the  subject  in  a  marked  manner  in 
order  that  the  magnitude  of  our  iron  and  other  ore  resources  may  be  fully  com- 
prehended, and  steps  be  taken  to  inaugurate  some  means  of  bringing  into  a 
practical  shape  its  mining  and  manufacture,  at  least  to  lead  to  a  beginning 
of  what  may  become  a  profitable  industry  among  our  own  people  and  a  vast 
commerce  with  our  neighbors. 

OCCUBRI9CK    OF    IB05    OBIS    15    05TABI0. 

Iron  ore  is  principally  to  be  found  in  Ontario  in  the  Laurentian  and        

Huronian  formations.     The  Laurentian  hills,  as  the  geologists  term   them,  u^ormZ^ 

mre  the  oldest  in  the  world.     They  occupy  the  principal  portion  of  this  OatMMio, 

province,  stretching  from  the  Ottawa  river  to  the  Georgian  bay,  and  thence 

along  the  north  shore  to  the  head  of  lake  Superior,     In  these  no  indications 

of  animal  life  can  be  traced.     The  hills  are  of  all  shapes  and  dimensions. 

13ie   region   in  which  they  occur  is  all  underlaid   with  rock   at   a  slight 

•depth,  and  it  crops  out  in  vast  beds,  boulders,  high  ledges  and  numerous  cliffs. 

The  hills  and   valleys  are  covered  with  pine,  hemlock,  cedar,  tamarac,  etc., 

«nd  have  been  but  little  explored  except  by  lumljermen  who  there  carry  on 

year  by  year  their  operatioris.     The  rocks  composing  the  Laurentian  formic 

tion  are  of  different  classes,  the  principal  being  granite  and  diorite  intermixed 

with  bands  of  crystalline  limestone.     The  limestone  occurs  in  large  patches, 

mostly  broken  within  the  first  twenty  or  thirty  miles  of  the  southern  limit  of 

this  ^rmation.     It  is  in  contact  with  these  or  near  them  that  the  iron  ores 

are  found.     The  stratification  of  the  Laurentian  rocks  ia  very  irre^lar  arui 

contorted,  and  they  dip  at  ail  possible  angles.     There  are  two  sets  of  veins 

crossing  some  parts  of  it,  one  striking  northeast  and  southwest,  and  the  other 

crossing  on  the  opposite  points  of  the  compass  ;  and  surface  indications  lead 

to  the  finding  of  iron  ore  deposits.     Th^  ores  are  generally  known  as  hard  ^|[^**^*^ 

and  soft ;  the  former  includes  the  magnetic  and  specular,  while  under  the 

latter  are  classed  all  those  known  as  hematites. 

13DICA710SA    OP    OBE    BOr^rSS. 

The  use  of  the  magnetic  needle  has  frequently  led  to  the  dwwwtrj  of  ore 
^Iqwaits,  although  its  deviations  do  not  determine  the  certainty  of  a  deposit ;  tm  of  dw  a^- 
jei  experience  has  proved  that  where  these  occur  is  a  good  place  to  look  for  ^HS^HSSi,^ 
era     Somedmea  the  magnetite  in  the  rocks  causes  these  lloetoations,  hut 
notwithstanding  this,  faith  in  the  needle  has  been  frMuently  followed  by  the 
4iiacovcry  by  prospectors  of  very  promising  mines.     2«o  one  can  telJ  with  cer- 
tainty what  the  origin  of  ore  deposiu  is,  and  the  only  way  to  find  them  is  by 
careful  search  in  such  variety  of  rocks  as  similar  ores  have  before  been  found  in. 
Sometimes  there  are  indicadouA  which  an  expert  seises  upon  as  a  guide  to 
a  search  when  they  occur,  with  generally  fortunate  results.     Mag- 
ores  are  frequently  found  with  a  lars^  body  of  green  and  granite  rock  MbfiMHe  ntm  ii 
CO.  the  north  and  a  hody  of  quartzite  on  the  itoath  side.     Frequently  these  <»ruria  tntrnm- 
may  be  at  a  conaiderahle  distance  from  each  other,  but  in  the  interval  between    ^^'^ 
than  there  may  be  found  a  hody  of  ore.     These  rocks  when  they  come  closer 
form  the  walla  of  the  vein  enclosing  the  ore.     Their  distance  apart 
be  calculated  upon  as  a  means  to  discover  the  depth  of  the  deposit,  it 
generally  considered  that  the  point  where  they  meet  together  under- 
will  he  the  depth  of  the  deposit.     Frequently  timber  of  fitie  growth 
in  the  iroa  formation  indicates  the  presence  of  iron  ore,  as  a  good  many  mines  'nniiMr««i 
have  been  tofond  when  the  timber  is  $itraight  and  of  good  nse,  clear  of  under-  ^jj^'"****  ^ 
hrvah,  and  ci  hutttr  quality  in  comparison  with  other  trees  of  like  kind  in 
that  Tionicy.     Where  the  timber  is  good  and  iron  ore  is  found,  it  is  generally 
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first-class,  but  where  the  timber  is  of  poor  growth  and  a  mixture  of  all 
kinds  of  scrubby  wood  the  ore  as  a  rule  is  of  inferior  quality.  InTariably 
very  fine  springs  have  been  found  where  mines  of  a  permanent  character  have- 
been  located.  None  of  these  are  infallible  signs,  but  all  have  their  bearing 
on  the  subject,  and  frequently  attention  to  them  will  be  rewarded  with  good 
results.  Magnetic  ores  are  generally  found  in  beds.  They  are  of  all  siEeB,. 
from  those  yielding  a  few  tons  to  those  containing  enormous  quantitiei. 

The  hematite  ores  already  discovered  in  Ontario  have  been  found  closely^ 
connected  with  the  lime  rock,  this  formation  being  of  a  later  date.  We  believe 
that  in  working  the  hematite  finds  a  great  number  of  good  mines  will  be- 
found  heavily  capped  with  lime  rock.  These  hematite  ores  may  yet 
prove  to  be  the  most  valuable  in  the  country,  and  to  produce  a  great  (m^>ui 
of  one  of  the  materials  necessary  to  mix  with  the  hard  ores  in  the  manu&c- 
turing  of  a  high  grade  of  charcoal  steel. 

The  opinion  is  that  the  hard  ores  run  to  a  very  considerable  depth.  This- 
can  only  be  tested  by  the  use  of  the  diamond  drill,  which  is  a  quicker  way  of 
arriving  at  results  than  by  sinking  shafts.  After  finding  ore  in  place,  the-, 
ordinary  way  of  proceeding  is  to  cross-cut  the  vein  on  the  sur&ce  to  aaowtain 
its  width,  as  well  as  to  determine  the  character  of  the  rocks  on  either  aide  to- 
see  that  the  formation  is  right,  and  then  use  the  diamond  drill  to  determine 
the  depth  and  quality  of  the  ore  before  deciding  what  is  necessary  to  be- 
done  further.  A  great  deal  of  preparatory  work  has  to  be  accompli^ed  and 
considerable  expense  incurred  before  it  becomes  a  mine  proper. 

PRACTICAL    SUGGESTIONS    TO    BXPLOBIBS. 

During  their  travels  through  Ontario  the  Gomn^issioners  were  constantly 
meeting  explorers  who  did  not  seem  to  have  any  idea  in  reference  to  a  start- 
ing point  to  their  working,  but  were  travelling  through  the  region  at  random, 
trusting  to  chance  to  make  a  discovery.  Quite  a  few  had  spent  monthB  un- 
successfully in  pursuit  of  what  they  would  have  been  able  to  determine  in  a. 
very  short  period  had  they  the  necessary  knowledge  to  guide  them. 

It  has  therefore  been  deemed  advisable  to  give  a  few  practical  hints,. 
gathered  from  the  observation  and  experience  of  one  who  has  been  actively 
engaged  in  explorations  and  developments  in  this  province  during  the  last 
eighteen  years,  for  the  assistance  and  guidance  of  explorers  as  well  as  others. 

In  every  section  of  the  country  where  minerals  are  found,  the  granite 
formation  is  the  most  prominent  among  all  the  rocks,  running  north  and 
south  or  on  that  strike.     This  granite  range  is  the  first  that  should  be  ex- 
plored thoroughly,  keeping  near  to  it,  and  on  the  easterly  side  of  the  rid^ 
This  will  be  found  a  good  starting  point,  as  the  granite  is  the  oldest  formation, 
and  as  the  course  of  the  iron  ore  is  in  a  westerly  direction  it  follows  natur- 
ally that  near  the  granite  the  heaviest  bodies  of  ore  are  to  be  found.     Iran 
ore  outcrops  running  north  and  south  in  the  middle  of  any  formation,  and  not 
near  the  granite,  as  a  rule  will  not  make  permanent  mines.     It  is  beHeYed 
generally  that  diorite,  or  "  green  rock  "  as  the  miners  term  it^  is  the  matrix 
of  iron  ore,  but  still  if  an  outcrop  of  iron  ore  is  found  in  the  centre  of  and 
surrounded  by  this  green  rock  on  all  sides,  it  will  not  as  a  rule  make  a  perma- 
nent mine.     The  writer  gives  it  as  his  firm  opinion,  justified  by  foots,  that 
no  iron  deposit  surrounded  on  all  sides  by  the  same  kind  of  rook  will  be  last- 
ing.    Sometimes  large  outcrops  on  the  surface  have  been  found  in  these  occur- 
rences, but  in  every  instance  on  practical  working  both  by  the  hammer  and- 
drill  and  by  diamond   drill   boring,  such  occurrences  have  been  exhausted 
at  short  depths.     It  is  judged  as  being  useless  to  spend  money  on  iron  ore- 
deposits  unless  they  are  found  with  the  granite  on  one  side,  and  then  between 
the  granite  and  ore  diorite  or  green  rock  occurs  (the  latter  sometimes  in  oon- 
siderable  abundance,  and  again  not  more  than  two  or  three  feet  thick),  and 
on  the  other  side  of  the  ore  quartzite  or  crystalline  lime  took.     The  reader 
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wHl  perceiTe  tluU  this  prr^s  &  iacxzict  formation*  which  experte&ct^  giHM  U> 
prove  mamnm  a  pemianpnry  ?c  iiepocdt.  Another  featan»  of  a  p«»riuau«»ut 
mine  u  that  there  is  a  dxacznc^  clearage  between  the  ores  and  the  whIIh  \»x-  UiMtiuoi  oiu*«- 
^ItfiM-wg  it  Where  cheae  -xTmiiaoas  do  not  accompanj  the  depoidt,  tho  ore  IJliuiKliMi^^l. 
VMWT^g  encircled  with  the  sune  cian  of  rock  is  liable  to  be  cut  out  at  auy  tiiuo^ 
id  a  find  <^  this  kind  is  only  looked  on  as  being  fit  to  work  while  the  depoait 
in  sight  and  does  not  JTisdfr  ;he  parchase  of  machinery  or  erection  o( 
wrorks.  Sometime!  ai  mach  as  5.(»)  or  10,000  tons  may  be  taken  out  o( 
tbeee  occurrences  of  ore,  bac  there  is  no  dependence  to  be  placed  on  them  a» 
mines  for  permanent  work. 

The  dipping  to  the  north  of  an  iron  deposit  is  a  very  important  feature 
in  <5annection  with  it^  permanency.  This  northerly  dip  is  cauvtHl  by  the  feh?t!irti!)d(J|f  "* 
mbnndance  of  ore  in  the  mine,  and  its  consequent  attrsbction  iu  that  diiXK^tion 
toirard  the  North  pole.  In  some  instances  large  deposits  of  ore  oc^^ur  dipping 
to  tlie  south  near  the  surface,  but  at  a  further  stage  of  development  thetitt  dip 
to  tJbe  north,  which  is  a  sure  indication  of  a  large  body  of  ore. 

The  idea  which  still  prevails  with  a  few  that  iron  mines  an^  to  \h»  di»- 
oowered  by  chance  in  any  kind  of  rock  has  long  ago  betm  exploiltnl,  and  wiih  ^^v\i*UHhh\ 
mining  experts  it  has  become  a  settled  question  that  no  ^>ermaiunit  uiiiitM  are 
to  be  discovered  except  in  formations  with  the  conditiousi  alnivo  Htattnl. 

We  may  add  that  a  large  part  of  the  best  miue8  now  Unug  worktnl  iu  tho 
Marquette  district  have  been  found  at  great  depths.     Thettt^  diHoovoritiM  woii* 
made  through  actual  workings  in  a  regular  formation  although  no  traoo  (»(' ||«>*i  Umihwiu  lu 
them  were  seen  on  the  surface,  showing  that  iu  working  iu  a  right  t'oruiatiuu  iiuiutii 
large  bodies  of  ore  are  constantly  being  found,  although  away  fn>ni  auti  ap 
parently  thrown  ofi  from  the  mine  proper.     This  in  accouuttnl  fi»r  by  (bo  ore 
coming  in  contact  with  an  older  formation  of  rork   which  dooH  u(»(   mIiow  at 
the  surface.     In  developing  the  additional  find  wt«  an^  uMti  to  nit^ot  with  tho 
same  occurrence  in  drifting  to  either  the  north  or  Houtli,  or  in  uhiu^'  tho 
diamond  drill,  which  goes  to  prove  that  having  onoo  IoouUmI  onmolvort  in  tho 
iron  formation  proper  there  is  no  viu\  t'>  tho  poMHihilitinM  (»f  oontinuing  to 
Knd  bodies  of  ore.     This  exix^ionco  novor  takoH  plaoti  oxoopt  whf.ro  iho  iron 
formation  is  regular  on  the  surface  as  abovn  Htatod. 

OHKH     MOHT     IN     OKMANO. 

The  ores  most  in  demand  are  thoHo   Huitahlo    for   tho   maniifitoturo  ui 
Bessemer  steel.     It  is  a  necessity  that  onm  U)  ho  uhoiI    in  ItN   inahiifa«tiito  |.|„^i,),,^,.,^ 
must  be  free  from  phosphorouH,  aH  a  Mniall   ptTnnntngt^  of  thin  iloHtroyn   iU 
value,  the  presence  of   one  livo-thouHanrlth  of  itM  wolght  in  phoH|ih'fioiiii  mn 
dering  the  steel  brittle.     OreH  for  this  |iiir|HMn  aro  rtkU^l  nioro  with  rofuriiiino 
to  the  percentage  of  phosphorous  thoy  contain  than  for  thoir  riohni'mi  in  lion. 
The  presence  of  titanium  is  vf;ry  pngurliciul  to  tho  ijiiallty  of  tho  oro,  Uiiti 
substance  eating  out  the  Hides  of  tho  hlaiit  furnn/;iiN,  and   romM^ijiiontly    fm      **'^****** 
naoemen  will  not  use  ores  largoiy  coriUinifi^/   this  inatorial  an    thoy    will 
destroy  the  walls  of  tho  fuma/:*;  and  ontai)  n,  vt\ry  h<'n.vy  naittutma  In  r«tpa}Hn|{ 
it,  besides  being  very  injurious  t/i  tho  iron  pr'*'liiM»*l      An  t^*ht\tm  nt  mdphof  ^,,,,  ,„|,^,„,  |^ 
is  also  a  defect,  and  ores  contain! nf(  ov'ir  a  't^r(4iin   Itndt^l  'jfiantity  ttt   lUU  *»'***  ^i**^ 
material  are  practically  ouUiido  tho  rnarkot.     An   Mnalyt}f>al  ffUt^iuM   will 
have  to  be  consulted  to  dfrt^rrnin^f  thi«Mi  ttmil/^rn,  an  It  }n  a  '|(jMit)/#n  nf  *Uni§$ 
iBtry  which  few  explor^m  h%ve  any  kri//irl«yJ((o  t/f. 

The  Huronian  formati/>ri  ^//tt^  a  Uf((««  bfikon  «f«Mi  ^tn^.wh^h  th^  wtmlMfh 
outlet  of  French  riv^  f/rt  lak".  Ifrjr'/ri  an/J  tht  U^^n^l  '/f  Uki*  r^i#f/«%#)//f       It  In  '§hM H*f**HA^4, 
more  recent  than  th^  \Mnf!t§\\it>u^  whi/-.h  it  U9*/f»s  fn  \»^m^  iti^Wm      li  »^»th%\^m         "^^ 
of  green  and  grarUh  111 V;  r^^.k^  m\t^\  n\9  with  tannrnhn  f/f  |^f«t^,««/^^A,  im^ 
abounds  in  numerooji  traf»  'lyk^      /t  r^fti^jmifin  tamfir  *iH9fH  f^fm  \imf)hf^ 
▼alnable  minerals,  ^^swUm  iarflf^,  'Uym^M  '4  )f'm  »ff^  •J  f^f^^t  »^nm  i^aO'// 
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H. — NOTES     ON   CHARCOAL  AND   CHARCOAL   IRON. 

BT  JOSEPH  BAWDEN,   BABBI8TBB-AT-LAW,  KOTOSTON. 

Tiie  writer  of  a  paper  in  Iron  on  the  properties  and  occnrrenoe  of  iroo 
ores  says :  "  Canada  is  pre-eminently  rich  in  iron  ores,  bat  the  greater 
number  of  the  deposits  are  undeveloped,  owing  to  want  of  energy,  of  acoeesiblo 
fuel,  difficulties  of  transit,  etc.  In  fact  throughout  the  whole  of  the  coantrjr 
mining  may  be  said  to  be  in  its  infancy,  and  little  attention  has  been  paid  to 
the  developement  of  the  vast  mineral  wealth  that  the  country  pooBoaaoa.'^ 
Again :  '*  Canada  is  pre-eminently  rich  in  red  hematite,  but  comparativety 
little  attention  has  been  hitherto  paid  to  the  developement  of  the  iron  ote 
wealth  of  this  vast  extent  of  country.  Many  of  the  Canadian  iron  ore  minet 
%  are  stock-formed,  a  fact  which  may  partly  account  for  the  want  of  enterpriie 

shown  by  the  inhabitants."  * 

So  far  the  great  journal  of  the  British  iron  industry,  and  whether  it  is 
due  to  stock  companies  or  want  of  energy  the  fact  is  not  less  surprising  that 
in  the  year  ending  30th  June,  1887,  the  United  States  imported  from  England 
72,546  tons  of  iron  ore  and  only  18,430  tons  from  Canada.  Our  neighbor's 
total  import  of  iron  ore  in  the  same  period  was  1,141,774  tons,  of  which 
it  will  be  seen  our  share  was  little  more  than  one  and  one-half  per  cent. 
The  output  of  the  United  States  iron  mines  during  the  year  1887  was 
estimated  at  11,300,000  tons. 

Canada's  imports. 
Canada  imported  from  the  United  States  in  1887  over  $100,000  worth 
of  agricultural  implements.  American  car  wheels  were  imported  to  the  value 
of  $7,759,  or  to  the  weight  of  3,004  cwt  The  number  of  American  locomo- 
tives imported  was  thirteen,  of  the  value  of  $72,804,  or  on  an  average  of 
$5,004  each.  American  hardware  was  imported  to  the  value  of  over  $720,000, 
-Canada's  iron  more  than  half  of  which  was  bliilders'  hardware.  A  great  many  American 
jjnd  coal  »mport«  locks  found  Sale  north  of  the  lakes — $69,845  worth.  Iron  in  slabs,  blooms,  eta, 
«tote8iDi887.  was  imported  to  the  extent  of  11,227  cwt.  Machines  and  machinery  were 
taken  to  the  value  of  nearly  $1,500,000.  Nails  and  spikes  of  American  pro- 
duction were  also  imported  in  large  quantity — wrought,  193,801  lb.,  including 
railroad  spikes:  cut,  154,911  lb.  Over  10,000  tons  of  pig  iron  were  also 
imported.  During  the  same  year  Canada  also  imported  irom  the  United 
States  cutlery  to  the  value  of  about  $50,000  ;  files  and  rasps,  $35,912  ;  saws, 
$55,395  ;  axes,  $7,556  ;  all  other  mechanics'  tools,  $194,018  ;  and  many  aoore 
of  other  iron  and  steel  products.  Of  steel  rails  82,980  cwt.  were  imported. 
Of  American  coal,  949,499  tons  of  anthracite  and  1,077,678  tons  of  bitumi- 
nous were  imported,  besides  31,162  tons  of  coal  dust  and  13,518  tons  of  ooke. 
Canada  also  imported  from  the  United  States  under  special  exemption  from 
duty  for  the  construction  of  the  Esquimault  and  Nanaimo  railroad  the 
following :  "  Bolts  and  nuts,  19,070  lb. ;  fish  plates,  77,804  lb. ;  spikes  44,000 
lb.  ;  steel  rails,  1,334,000  lb."  ♦ 

PRODUCTION    IN    THE     UNITED    STATES. 

The  quantity  of  pig  iron  made  in  the  United  States  in  1887  was 
7,187,206  tons  of  2,000  lb.  According  to  fuel  used  this  production  was 
classified  into  anthracite  pig  2,338,389  tons,  charcoal  578,182  tons  and 
bituminous  4,270,635  tons.  Our  conterminous  neighbors  xnake  the  larger 
part  of  the  charcoal  pig  production,  viz :  Maine  (charcoal  pig  only)  4,397 
tons;  New  York,  26,491;  Ohio,  18,544;  Michigan,  213,543;  Wiaconain, 
47,523  tons.  Of  the  total  pig  iron  the  product  known  as  Bessemer  pig  ataada 
for  3, 202, 153  tons.  The  total  production  of  Bessemer  steel  in  the  same  period 
was  3,288,357  tons — an  increase  of  30  per  cent,  over  the  previous  year. 
The  production  of  open  hearth  steel  was  360,717  tons — an  increase  of  47  per 
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Lt^  o'rer  1886.  Of  cmcible  steel  there  was  prodaced  84,421  tons.  The 
letamB  for  the  first  half  of  1888  show  production  less  than  the  corresponding 
half  of  1887  «■  fbllowi :  Anthracite  pig,  9U2,461  tons,  being  a  decrease  for 
tfie  half  yemr  of  144,482  tons,  with  23  furnaces  out  of  blast  between  1st 
Janaazy  mud  lit  July,  1888.     The  charcoal  pig  production  was  278,238  tons, 

■e  of  15,190  tons  over  the  previous  corresponding  half-year ; 
of  hitaminoos  pig  2, 1 1 1 ,804  tons,  being  an  increase  for  the  same  period  of 
161,465  tons.  Of  587  fnmaces,  297  are  out  of  blast  Much  of  the  larger 
part  of  the  pig  iron  classed  as  anthracite  pig  is  made  with  a  mixture  of 
anfthracite  ooial  and  coke.  The  quantity  of  iron  made  with  anthracite  alone 
ia  steadily  growing  smaller.  In  the  first  half  of  18S8  it  amounted  to  only 
107,802  tons.  The  proportion  of  Bessemer  pig  shows  a  decrease  of  1*52,200 
bttended  with  a  falling  off  in  the  production  of  Bessemer  steel  ingots 
ill  from  the  corresponding  half-year  of  1887  to  the  extent  of  257,284 
Iron  Age,  the  excellent  journal  of  the  American  iron  trade,  gives  the 
following  estimate  of  the  number  of  men  employed  in  iron  and  steel  produc- 
in  1887 : 

Hands. 

and  rolling  mills 193,000 

ore  mining 50,600 

oottl  mining 10,000 

ooaI  mining 10,000 

Coking  oottl 3,500 

Mining  ooal  for  coke. 20,000 

QoBRTing  limestone 2,000 

Making  chATOoal 1,000 


ToUl 290,100 

This  does  not  include  the  men  employed  in  transportation,  or  in  such  nianu- 
factares  as  wire  mills,  pipe  works,  foundries,  boiler  shops,  bridge  and  stool proiiui>tion. 
itmctural  iron  shops.  The  phenomenal  growth  of  the  manufacturing  power 
of  tbe  United  States  in  steel  production  is  shown  by  the  fact  that  in  18G7, 
the  first  year  of  their  pro<iuction  in  America,  the  quantity  of  Bc'ssemer  steel 
nilimade  was  2,550  tons.  The  first  Siemens  gas  furnace  was  erected  in  the 
■une  year. 

The  enormous    production  of   the  United  States  in   1887  was  notably 
^'^■uflBcient  for  the  requirements,  for  in  addition  she  imported  from   Great  J-"'^*  -^^J**®* 

U^,   •  -  11  *  linportii  fnmi 

-ontam  as  follows  :  Or«at  Britain. 

ToiiH 

Kg  iron la^.fiM) 

Bars,  angles,  etc 4,273 

Hjulway  workings 182,270 

Ronpfi,  irhcrfto,  etc 32,171 

Tinpl*te« 2r»8,.Mr,l 

C«fft  and  wrjught  luan-ifactur*-* 2,I»2rj 

Old  iron 172,1»27 

Bteel  unwrrought 215.^% 


1.2s2.44:>-  1.43rt,339  toDH  of  2,000  lb.  • 
Britain's  f*  r  n : .  r  c  r  i  •  >  n  . 
Oreat  Britain's  production  in  IS^"   was  S,.S:U.9r»7  tons  of  2,000  lb.  ;  of 
■•^mer  steel  ingots,  ^,312.123  tons  :  of  open  hearth  steel  1,00?<,830  tons,  ^reat  Briuin'* 
"T  ^crease  in  this  make  of  steel  ovpr  the  prec**ding  ye«ir  of  321,3^8  tons  ;  ironaod  vteei. 
^  ^^Ucible  steel,   112.000  tons,  the  usual  yearly  proiluction  of  steel  by  this 
V'^^Ceas.     Great  Britain's  production  in  the  tirst  half  vear  of    18S3  i^howed  an 
^l^cteaae  in  the  make  of  pig  iron    of  262, S 50  tons,  an  increase  in  production 


*  Thronghont  these  notes  the  ton  weight  ia  reduced  to  the  2,000  lb.  standard. 
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of  Bessemer  steel  ingots  of  152,237  tons,  and  an  increase  in  open  hearth  steel 
ingots  of  236,354  tons,  with  223  furnaces  of  the  latter  oonstmction  employed, 
47  unemployed  and  30  new  furnaces  under  construction. 

THE    world's    PBO'dUOTION. 

In  1855  the  world's  production  of  pig  iron  was  estimated  at  6,720,000 
The  world'!  tons,  of  which  Great  Britain  supplied  one-half  and  the  United  States  one- 
^^^^^°^  eighth.  In  1826  the  output  of  the  British  pig  iron  furnaces  was  estimated 
at  720,000  tons.  At  that  time  England  imported  yearly  from  Russia  and 
Sweden  78,000  tons  of  iron.  The  operation  of  converting  cast  iron  into  bar 
iron  in  the  puddling  furnace  bad  not  been  introduced.  Theretofore  *^  the 
operation  had  been  effected  by  the  agency  of  wood  charcoal  in  refineriei 
analogous  to  those  still  (1866)  made  use  of  in  France.  But  when  that  kind 
of  fuel  began  to  be  scarce  it  came  to  be  mixed  with  coke  in  various  propor- 
tions. The  bar  iron  thus  produced  was  usually  hard  and  required  much  time 
to  convert,  so  that  an  establishment  which  could  produce  20  tons  of  bar  iron 
in  a  week  was  deemed  considerable.  .  .  Till  1740  the  smelting  of  iron  ores  in 
England  was  executed  entirely  with  wood  charcoaL"  In  1788,"  53  blast 
furnaces  fired  with  coke  were  in  activity,  which  furnished  54,640  tons  of  ircHi 
in  a  year."  The  quantity  of  cast  iron  produced  in  the  same  year  by  means  of 
charcoal  was  14,670  tons.  "  In  1796  the  wood  charcoal  process  was  almost 
entirely  given  up."  ♦ 

Sweden's  iron  tbadi. 
Sweden  continues  to  export  bar  iron  and  even  pig  iron  to  Great  Britain, 

Sweden's  export  notwithstanding  the  enormous  expansion  of  the  iron  industry  of  the  latter. 

iroSl^  ^^  ^  Britain  received  in  1887  four-fifths  of  the  whole  Swedish  pig  iron  export^  to 
the  amount  of  44,300  tons,  and  nearly  one-Lalf  of  the  bar  iron  export,  the 
amount  being  104,057  tons.  The  total  Swedish  export  for  the  year  was,  of 
pig  iron,  55,188  tons,  of  bar  iron,  219,756  tons.  The  export  of  iron  ore  rose 
in  the  same  year  from  21,601  tons  to  46,776  tons.  "  The  increase  in  the  latter 
article  is  very  encouraging,"  says  the  report,  "  as  the  export  of  iron  ore  had 
of  late  years,  in  consequence  of  the  competition  of  Spanish  ores,  sunk  to  a 
mere  minimum.  This  year  the  exports  will  be  much  larger  owing  to  the 
working  of  the  Gellivara  iron  deposits.  Prices  have  varied  from  3s.  6d.  to 
7s.  6d.  (stg.)  per  ton  (2,240  lb.)"     The  average  yearly  output  of  the  mines 

The  ronand      ^or  five  years,  to  1886  inclusive,  was  972,000  tons,  employing  6,332  hands, 

steel  industry,  of  whom  625  were  women  and  children.  There  were  164  furnaces  in  blast  in 
1886,  which  produced  484,000  tons  of  pig;  217  bar  iron  works,  with  638 
hearths,  returning  259,000  tons.  The  make  of  bar  iron  is  yearly  diminishing, 
which,  says  the  report,  ''  indicates  that  efiorts  of  development  are  directed 
towards  the  finished  goods  industries."  There  were  also  33  steel  works  in 
which  were  made  59,000  tons  of  Bessemer  steel,  24,360  tons  of  Siemens- 
Martin  steel  and  1,940  tons  of  other  kinds  of  steel.  In  the  manufacture  of 
finished  iron  and  steel  goods  there  were  made  14,560  tons  of  plates,  11,200 
tons  of  nails,  6,720  tons  of  tools  and  implements,  including  agricultural,  and 
12,300  tons  of  sundry  articles.  New  licenses  were  issued  for  the  working  of 
new  iron  deposits  to  the  number  of  103,  for  the  working  of  old  deposits 
re-worked  to  the  number  of  209,  and  38  mines  ceased  to  be  worked.  *'  An 
association  formed  last  year  called  the  Swedish  Export  association,  of  which 
the  crown  prince  of  Sweden  is  the  president,  is  already  doing  much  good, 
several  new  markets  for  Swedish  manufactured  iron  and  steel  goods  having 
been  opened  outside  Europe,  and  this  year  the  government  has  granted  a  sum 
of  £1,000  towards  the  expenses  of  sending  a  qualified  agent  on  a  year's  journey 
to  the  east  and  to  Australia." 

The  relation  of  the  Swedish  iron  trade  to  the  old  fashioned  crucible  steel 
manufacture  of  Sheffield  is  very  distinctly  stated  by  Mr.  Henry  Seebohm.  in 

*Ure'8  Dictionary  of  Arts,  1866. 
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ciated  with  crystalline  limestones  which  have  afiforded  most  of  the  minerals* 
that  are  to  be  met  with  in  the  Laurentian  limestones  of  North  America,  to- 
gether with  many  additional  species.  Such  of  these  minerals  as  are  common 
to  the  two  regions  offer  close  resemblances,  not  only  in  their  charactera  and 
associations  but  also  in  the  mode  of  their  occurence.  .  .  .  Daubree,  who 
in  1843  published  an  instructive  account  of  his  examination  of  the  metal- 
liferous dep>osits  of  Norway  and  Sweden,  furnishes  some  interesting  details 
of  the  minerals  associated  with  the  beds  of  magnetic  iron  ore  in  the 
vicinity  of  ArendaL  The  ore  is  here  found  sometimes  in  gneiss  and  at  other 
times  in  a  gneissoid  rock,  consisting  of  various  admixtures  of  pyroxene,  horn- 
blende, garnet,  epidote  and  mica,  the  whole  associated  with  crystalline  lime-^ 
stones.  .  .  .  At  the  iron  mines  in  the  island  of  XJtoe,  where  the  ore  is 
a  mixture  of  magnetic  and  specular  oxides  occurring  in  beds  with  homblendic 
rocks  passing  into  gneiss,  or  with  crystalline  limestone  holding  hornblende 
and  mica,  granitoid  veinstones  like  those  of  Arendal  are  met  with,  hold- 
ing orthoclase  and  quartz,  with  tourmaline  and  oxide  of  tin,  together  with 
the  rare  minerals,  petalite,  spodumene  and  lepidolite,  which  occupy  the  cen- 
tral portion  of  the  veins.  This  association  is  the  more  worthy  of  notice  a» 
the  only  other  known  locality  of  the  rare  mineral  petalite,  (if  we  except  the- 
castor  of  Elba)  is  in  the  crystalline  limestone  of  Bolton,  MassachusKtts,. 
where  it  occurs  with  soapolite,  hornblende,  pyroxene,  chrysolite,  spinel,  apa- 
tite and  sphene,  the  characteristic  minerals  of  similar  limestones  in  Oanada^ 
New  York  and  Scandinavia."* 

Bauerman  in  his  treatise  on  the  metallurgy  of  iron,  1868,  says  that  mag- 
Oocunrenco  of     netic  ores  are  chiefly  conflned  to  the  older  crystalline  rocks  of  Scandinavia 
^^^  ^     "     and  North  America,  and  appear  under  two  principal  conditions,  either  inter- 
stratified  in  irregular  beds  or  tabular  masses  in  hornblendic  and  chloritic 
schists  and  crystalline  limestones,  or  irregular  ramifying  veins  and  masses  in 
dioritic  or  doleritic  rocks.     "  Iron  pyrites,"  he  says,  "  may  be  either  dissem- 
inated in  considerable  quantity  through  the  ore,  which  in  such  case  it  gen- 
erally renders  useless,  or  interspersed  in  small  patches  in  the  neighborhood  of 
veins  of  intrusive  rock  such  as  granite.     Sometimes  the  centre  of  a  rock  may 
be  pure  magnetite,  passing  at  either  side  into  copper  and  iron  pyrite&       The 
texture  of  massive  magnetite  appears  to  vary  with  the  containing  rock  ;  the 
most  compact  having  sometimes  a  nearly  conchoidal  fracture   we  found  in 
talcose  schist,  while  the  more  gi-anular  and  crystalline  conditions  prevail  in 
hornblendic  gneiss  and  crystalline  limestones."       Prof.   Dana  in  his  Manual 
of  Geology  says :  **  In  Canada,  at  Baie  St.   Paul,  there  is  a  bed  of  titanic 
iron  90  feet  wide,  exposed  for  200  or  300  feet,  occurring  in  syenite  with 
rutile  or  oxide  of  titanium.     The  ore  does  not  differ  from  ordinary  specular 
iron  in  appearance,  but  the  powder  is  not  red.      In  Sweden  and  Norway  the 
iron  ores  are  interstratified  in  the  same  manner  with  crystalline  rodcs, — 
mainly  gneiss,  hornblende  rocks,  talcose  and  chloritic  schists,  argillaceous  schists, 
quartzite  and  granular  limestone,  with  which  they  are  more  or  less  laminated. 
At  Dannemora  the  stratum  containing    iron  is  600  feet  in  width,  and  it 
occurs  with  granular  limestone,  talcose  and  chloritic  schists  and  gneiss.       At 
Utoe,  Sweden,  red  iaspery  quartz  bands  the  ore  in  the  same  way  as  in  Michi- 
gan ;  the  ore — the  specular  mixed  with  the  magnetic — occurs  in  mica  schist 
and  quartzite  in  an  irregularly  shaped  mass  about  120  feet  in  its  widest 
part.     At  Gellivara  there  is  an  iron  mountain  three  or  four  miles  long  and 
one-and-a-half  wide,  consisting  mostly  of  magnetic  ore,  with  some  specular 
ore.     In  each  of  these  regions  die  beds  dip  with  the  enclosing  rook,  showing 
that  all  has  had  a  common  history."! 

The  magnetic  ores  of  the  primitive  geological  formation  have  pecoliar 
characters  which  impart  the  highest  value  for  the  manufacture  of  strong 

*  Geoloffical  Surrey  report,  1866,  i^  194-&.       f  Dana's  Manual  of  Qaologj,  p.  14a 
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Affrnriing  so  Cheixc.  she   inr^n^or  c-l  a  «;<«fl   m^kinf  poxesBw    ""the 

nfttare  of  die  ore  cdu  Sl3^:£l  mor?  to  do  -viiii  the  j-s.iTfrr  of  the  k^^caI  .  lOWi' 

than  the  mode  <^  trpanr.^at.  azid  he  -rocip&res  ihe  iifTereiLt  steei ^  to  the  wiiws 

of  dillerent  IocaIiu<a^  vhich  owe  their  ruieii  q^ftlitiee  fv  more  to  the  CASsre  of 

tho  gnpes  thui  to  a:it  rftrikti<x:3  in  the  mode  of  their  fennectatioi].      The 

of  eeoietiCACion  efflplojed  bj  Cheooc  famishes  Accordinji:  to  his  riev  ui 

efoizre  of  the  cftCAC-ilitr  of  the  irtXL  to  prodace  steel.    The  ^poiueei  of 

tho  iron  from  S veden  acd  the  UrmI  nugnrjiTTUi.  After  takkizig  up  six  per  ce&i.  of 

ouhon,  yield  a  metal  vhich  is  sail  malleable,  vhile  thit  of  Elba  with  fbor  per 

sones  brittle  acxi  approaches  to  cast  iroa  in  its  propertzea.     While  the 

of  Sweden  and  the  Urals  are  fucons  for  the  excellent  quality  of  their 

rtnrl,  the  ore  of  Elba  is  ksown  to  yield  a  Terr  superior  iron,  bot  to  be  an£t 

for  the  fabrication  of  steeL"'*'      The  American  manofactnrer  recognises  this 

as  fiilly  as  his  British  rivaL     In  Jears'  history  of  the  American  ste^  trade, 

dsflcnlang  the  Pittsbcrg  steel  works,  he  says :  **The  drm  make  cast  and  German 

plov  Steele   all  kinds  of  the  highest  class  edg^  tool  steel,  etc     None  bat  the 

(hifot  grades  of  Swedish.  Xorwegian  and  American  iron  are  used.     The  Pitt»- 

b|ii)g  steel  works  are  among  the  largest  in  the  country,  their  snncal  prodact 

aaoMNinting  to  abcnt  6.t>»  tons  of  finished  steel  of  all  descriptions,  of  an  ap- 

^voziinate  raloe  of  ^I,5«>3.'>».      The  works  give  employment  to  3o0  men, 

pay-roll  amoonts  xo  i'2oO/j(jO  a  year.~:     The  market  quotations  condrm 

has  been  advanced  re^p^rccing  the  importance  of  selecting  the  best  ores  in 

xder  to  obtain  the  highest  standiird  of  production  and  price.      The  British 

notation  for  caet  steel  for  e*iz^  C4>'jIs  was  on  2Qd  November.   IS^S.  £^0  to  B'm^' 

stg.  per  ton  :  the  American  q  location  of  the  moa:h  previous^  S^c.  per  lb. 

t  the  same  date«  B^isSAemer  ^nd  Siemens  steels  were  quoted  in  Britain  at 

6  lOsw  to  £10  ihrr  ton:  in  the  Uniiel  Scatrs  at  2|c.  to  5c.  per  lb.     Thi* 

in  the  nscal  ye^r  li^Kt-T  imp>jrtrd  direct  from  Norway  and  Sweden 

1,017  cwt-    of   bar  iron.  eL:«^r^i   for   -lucy   at    a  valuation   of   ?2.-5   p«r 

^swL,  while  the    average    value  of  British  bar    iron  apj'exirs    to  have  been 

^fH  than  $1.25  prr  cwt.       Other  injfiortant  results  are  the  great  uniformity 

^3f  price  of  the  hi^'h-class  artioU  and  the  wMening  character  of  the  demand  for 

St.     A  late  Shefeid  rep^^r:  « Iron,  Nov.  23rd,  l^S:>,j  says  :  "  In  steel  eastings 

"Uo  industry  Is  growing  rajjidly,  co  the  detriment  of  the  iron  founders^     In 

^U  cUunes  of  machine  work,  whenever  practicable,  steel   castings  are  being 

^faotitnted  for  iron.     In  crucible  cast  steel  there  is  als*:*  a  brisker  tone  notice^ 

^blo,  home,  continental  and  American   customers  buying  freely,  but  there  is 

^ttle  alteration  in  prices^,  the  stand virds  of  the  old  maken»,  both  in   price  and 

^JluJity,  only  being  varied  un<ler  very  exceptional  circumstances." 

rorXDBT      IRON     FBOM     MAGNETIC    ORIS. 

Not  only  is  it  the  caj4e  that  l>y  proper  selection  of  ore  and  careful  metal- 
lurgy the  highest  priced  product  in  retined  iron  may  be  ma<ie  from  magnetic 
Oreo,  but  it  is  also  plain  that  any  effort  to  make  foundry  iron  from  these  ores 
alone  will  be  atten<led  with  difficulty, — very  great  difficulty  with  any  other 
fuel  than  charcoal.     Touching  the  question  proposed  for  discussion,  '*  Why  is 

*  Bsuenniui's  Metallurry  of  Iron,  p.  67. 

t  Starry  Hant  in  the  <^;«oIogic»I  Surrey  report,  1863-d,  p.  403. 
X  Steal*  its  Hkcory,  Msnnlsctnre  sod  Uaes,  by  J.  3.  Jeans,  1880. 
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it  difficult  to  make  good  foundry  pig  iron  from  a  burden  of  all  magnetites  f 
Mr.  Cook,  manager  of  the  Warwick  Iron  company,  in  a  recent  number  of 
the  Journal  of  the  Charcoal  Iron  Workers,  gives  his  views  thus :  "The  difficulty 
Difficulty  of       of  producing  a  large  percentage  of  foundry  iron  with  magnetic  ores  was  more 
Sron  foomTbu7  mO'i'ked  with  the  small  anthracite  furnaces  of  former  years  than  with  the  larger 
<*«"  ^J  »"  *^V'  and  better  equipped  plants  of  modern  construction.     The  use  of  a  portion  of 
coke  has  made  the  management  also  somewhat  easier,  and  consequently  enabled 
the  percentage  of  foundry  iron  produced  to  be  increased.       Within  certain 
b'mits  the  greater  the  ease  with  which  the  iron  of  an  ore  parts  with  its  oxygen 
the  more  regularly  and  rapidly  will  the  furnace  perform  its  work  of  reduction 
and  melting,  and  the  hotter  will  be  the  crucible  with  the  same  weight  of  faeL 
That  the  reduction  of  magnetic  ores  proceeds  more  slowly  than  brown  hema- 
tites or  red  oxides  is  probably  due  as  much  to  their  mechanical  structure  aa  to 
any  difference  in  mechanical  composition.     Most  of  the  magnetic  ores  avail- 
able in  the  Schuylkill  and  Lehigh  valley  districts  of  Pennsylvania  are  dense^ 
close,  compound  ores.     These,  even  when  entirely  full  of  sulphur,  are  more  or 
less  difficult  to  work,  especially  when  filled  into  the  furnace  in  large  pieces  or 
masses  too  heavy  for  one  man  to  lift  into  a  charging  barrow.     The  writer  has 
seen  the  dense  New  Jersey  magnetites  so  filled  into  furnaces,  and  at  the  same 
time  the  managers  were  complaining  of  the  impossibility  of  making  foundry 
grades  and  the  tendency  of  the  furnace  to  work  irregularly,  or  to  run  off  on 
white  iron,  without  (to  them)  any  apparent  cause.     The  furnace  gases  expm- 
ence  more  or  less  difficulty  in  penetrating,  breaking  up  and  deoxidising  dense 
ores ;  they  can  be  broken  down  more  cheaply  with  hammers.    Open,  porous  ores, 
or  ores  containing  considerable  combined  water,  are  quickly  and  thoronghly 
permeated.     In  consequence,  with  magnetites  there  is  a  greater  consumption 
of  heat  in  the  lower  part  of  the  furnace,  and  from  the  presence  of  ore  only 
partially  reduced  there  is  apt  to  be  sudden  variations  in  the  temperature  of 
the  crucible.      One  of  the  conditions  requisite  to  the  production  of  a  large 
proportion  of  the  higher  grades  of  foundry  iron  is  almost  absolute  uniform- 
ity of  temperature  of  the  lower  parts  of  the  furnace.     .     .     .     With  mag- 
netites  forming   the   burden,   the   rapidity  of  travel  of  the  stock   in  the 
furnace  needs  to  be  very  carefully  watched,  and  the  composition  of  the  slag 
kept  as  uniform  as  possible.     Any  variation  in  slag,  or  too  rapid  or  too  slow 
driving, — variations  that  would  pass  unnoticed  with  easily  reducible  ores, — 
are  reasonably  sure  to  produce  marked  changes  in  the  furnace  running  on 
dense  magnetites.     Soft,  earthy  magnetic  ores,  on  the  other  hand,  Usually 
carry  considerable  sulphur,  an  element  which  is  well  known  as  an  unrelent- 
ing enemy  of  foundry  iron.      When  present  in  the  dense  mass  of  magnetic 
ores  it  entirely  unfits  them  for  the  economical  production  of  foundry  iron. 
When  thoroughly  washed  however  these  form  fairly  good  mixtures,  as  the 
washing  not  only  removes  the  sulphur  but  also  opens  the  structure  of  the 
ores,  rendering  them  porous  and  easily  attacked  by  the  blast  furnace  gases. 
Brown  hematites  and  red  oxides   rarely  carry  sulphur  to  any  considerable 
extent,  which  alone  is  a  decided  advantage  in  their  favor  in  competition  with 
magnetic  ores.     .     .     .     Low  silicon  in  the  pig  iron  is  undesirable  for  foundry 
grades,  yet  for  mill  iron  this  quality  becomes  desirable.      .      .     .      As  a 
rule  the  gangue  of  magnetic  ores  contains  but  little  free  quartz  or  sand; 
the  silicon  is  usually  in  combination  with  lime*or  magnesia,  and  the  slag  to 
this  extent  is  partially  made,  so  that  the  limestone  flux  added  to  the   ore 
charge  to  produce  slag  of  certain  composition  combines  with  the  gangue  of 
the  ore  more  readily  and  at  lower  temperatures  than  when  the  gangue  is 
chiefly  quartz  and  sand.     In  consequence  the  iron  made  is  less  liable  to  con- 
tain reduced  silica.      The  silicon  foundry  irons  made  from  magnetic  ores 
give  varying  results  in  the  foundry,  depending  on  the  knowledge  of  foremen 
of  the  melting  departments."* 

*  Journal  of  the  Charcoal  Iron  Workers,  voL  vm,  pp.  81-24. 
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TIm  pRpKSGBon.  'if  lite  ir?  by  rMHCza^.  brcfcc^g;  asii  ia.  wnu  owim  w^b> 

amandiiig  s*  cfe  fx^M.  •eixLzu;w«fi  iff  lymjrjgal  or  oni^ciiL     As  so.  ilLisGasica  cc 

of  ore  ar?  -iasLz  wizh.     Tie  (>»»*x?^znii  iron  &»  oittie  tr?iii  uin^  azAirs^^oic 

as  I>uuuHiii3r&  i=.  Sita^hi.     Tiri  '^rv  iz.  3i'>iifrftr«iT  larv[^  riltfSi.  sock 

«■  it  comcB  fip:iii  uit^  mistt^  is  Irsc  missed.     For  zhh^  porpciie  Jui  :bifjc:^  ccdier 

of  miaonrT,  I?  £-««»  J^Ur  l"^  ^:i«c  v-j^  Acd  aboct  o  fiwc  in  iepch.  op«Ktu  sop 

mad  faniiiked  wish.  &  d^x^.  L?  -HLtsraj  dlled  wi^  Iocs  of  vxMd  :  <^  wr  s&ts  chae 

piled  CO  Hki  Ik^^za.^  *yi  frooL  3^7  f:««ML  aad  L?  cohered  wnk  a  cdUiB^  ol 

II  rJMiToal  alzacK  a  fooc  a&i  a  b^ii  in  cJiickz^saa.     Fizv  is  cbea  coi&aiiuds 

CBtod  lo  the  bocsooL  ol  ziui  vLfi  br  rn^nzis  *^  ths^  ioor  t^sk  niinLTiMQ«iL  aal  in  a 

dhori  time  the  coaixsooiL  iproad^  tJitckz^  ii»  whoi^  raaas :  the  mail  «pan:* 

tifef  of  pjrices  UMS  the  ore  'rocL^aizs  u  decompoaed  bj  the  v^MCtliaatvxi  of  the 

■■failiar ;  the  HWJiature-  is  aLso  driTm  odL  aad  the  ore  froa  bi»iu:  ^"wj  kurd 

and  Fefracfeorr  beoooKa  r^rj  ^msLj  polreriaabie.     In  the  sp^*e  <^  :^4  ho<tn 

maaring  is  eomplcced.  aad  th^  or?  when  saiEdentlr  cool  is  traoafenvd  to  a 

ahiiaping  mill  where  is  is  poondp^d  •irr  a&d  scfted  throach  a  network  of  izco. 

wUck  will  DOC  I<t  anr  piare  Lhrzer  than  a  hazel  nat  to  paasw     It  is  now  readr 

to  ba  aaielted.''     IL  Ganti^r  in  his  DictiooarT,  roL  4.  describes  Jaeob's  pro- 

aaai  far  the  waahineaod  cal'rinaaon  of  phosf^oriaed  orea.  and  sari  in  eoocla- 

aion :  **  Such  calcination  aai  washing  is  aiir^moigeoas.*  indepeziJeiitlT  of  its 

afleci  in  remoTing  phosphons.  as  it  gets  rid  of  mnch  of  the  sai|^ar«  and  so 

admitsofprodacici;  a  •of;er  and  grayer  pig-iron.  .  .  Roasting  is  always  applied 

to  ozidiae  iron  ores  in  ori^r  to  obtain  the  highest  degree  of  oxidation.     A 

nmpla  oxidation  is  performed  when  ma^^necic  ores  are  exposed  to  heat  and  air 

tad  transferred  into  peroxide."     Itescribing  the  American  method  Orennaa 

aija  (p.  486) :  ^'  The  operation  is  performed  in  the  open  air  in  heaps,  and  as 

Uloat  roast  oreus  have  been  abiuidoQed  we  suppose  this  method  is  preferable 

to  that  in  orens.     At  chr  same  conclasion  we  arrive  eqnally  as  well  by  de- 

dLiMtions  baaeil  on  the  nat  are  of  the  mineral  and  the  end  to  be  accomplished. 

ore  shonld  be  roaste*i  if  it  is  desirable  to  melt  carboretted  iron,  for 

ore  is  too  compact  to  admit  of  the  absorption  of  carbon,  and  it  must  be 

porous  in  order  to  form  gray  iron.     It  contains  also  very  frequently 

pjrrites,  blende,  galena,  arseniuret,  silica  and  other  substances  which 

kry  to  oxMJse.     When  specular  iron  contains  pyrites^  which  fre-  ctAR«Mi  »ad 


[Qently  happens,  it  ma?t  be  roaste>l.     Sparry  ore  is  to  be  roasted  to  remove  {^^IJi^  '''^  ^ 


i«iip, 

ic  acid.     If  these  ores  are  pure,  that  is,  free  from  sulphurets,  a  strong 

rapid  heat  can  be  made :  Vjut  when  they  are  impure  a  red  heat  with 
liberal  supply  of  air  and  moisture  are  requisite  to  succeed  well  .  .  Half 
fuel  used  in  heaps  may  be  save*!  by  roasting  in  ovens.  A  ton  of  coal  or  a 
^Ofd  of  wood  will  atibrd  heat  for  twenty  tons  of  ore  when  roasted  in  large 
piles  or  heaps^  In  an  oven  one-half,  and  in  a  well  constructed  oven  one  third 
of  that  fuel  is  sufficient  to  accomplish  the  work,  and  if  the  labor  is  considered 
equal  in  both  places,  which  is  in  reality  in  favor  of  the  oven,  the  Silvantages 
of  the  latter  are  evident.  Where  the  quality  of  stone  coal  as  it  respects  sul- 
phur is  doubtful,  wood  ought  to  be  used  in  roasting,  for  the  affinity  of  iron 
for  solphur  is  so  gn^i  that  it  will  absorb  any  which  is  not  oxidised.  In  using 
the  kiln  for  roasting  it  is  not  advisable  to  mix  ore  and  coal,  because  if  the 
coal  contains  sulphur  it  will  certainly  adhere  to  the  iron.  .  .  Some  ore 
may  be  roasted  in  forty-eight  hours,  but  it  would  be  better  if  twice  the  time 
were  occupied  for  it.      When  good  iron  is  to  be  made  the  ore  is  riddled. 
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Dry  fine  ore  will  trickle  through  the  space  between  the  coal  in  the  blast  fur- 
nace and  arrive  unprepared  in  the  hearth,  causing  white-iron,  and  often 
serious  disturbances  in  the  smelting  operation,  by  producing  a  raw 
Smeittng  in  the  slag  or  by  accumulating  in  certain  parts  of  the  furnace  and  obstmcting 
Oataiftn  forge.  ^^  blast,  thus  causing  scaffolding.  In  the  Catalan  forge  pro- 
cess, (says  Prof.  Huntington)  the  ore  is  crushed  by  the  hammer  and 
divided  by  sifting  into  lumps  and  very  coarse  powder.  In  the  one 
part  of  the  forge  only  charcoal  and  powder  are  introduced  and  in  the* 
other  only  lumps  of  ore.  That  the  ore  should  be  in  lumptt  at  that  part  is  a 
very  important  point,  for  in  this  way  the  hut  reducing  gas,  carbonic  ozidai 
generated  by  the  action  of  the  blast  on  the  charcoal,  is  able  to  pass  freely 
through  the  mass  of  the  ore,  the  effect  of  which  is  that  the  water  of  hydration 
and  the  moisture  are  first  driven  out  by  heat,  and  then  the  ore  having 
become  easily  permeable  the  carbonic  oxide  reduces  it  to  metallic  iron."  In  this 
method  the  processes  of  roasting  and  reduction  are  simultaneously  carried  on. 
'<  In  the  American  bloomary  process  as  carried  on  in  New  Jersey  and  northern 
New  York,"  Dr.  Egleston  says,  '*the  ore  must  be  calcined, crushed  and  dressed; 
all  of  it  is  therefore  in  a  fine  state  of  division,  in  grains  not  larger  than  one- 
tenth  of  an  inch  in  diameter.  .  .  .  The  impurities  contained  in  the  ore  are 
mostly  removed  by  dressing  ;  what  remains  is  removed  in  the  process  by  the 
formation  of  silicate  of  iron.  .  .  .  With  a  view  to  making  the  ore  friable^ 
it  is  usually  calcined  before  crushing  in  kilns  containing  about  30Oton8,  which 
are  roasted  in  three  to  six  days  with  a  consumption  of  about  25-  cords  of  wood 
per  kiln.  Crushing  and  dressing  often  conducted  in  a  crude,  primitive  fash- 
ion, follow  for  preparing  the  ore  previous  to  its  reduction  in  the  blowing 
forge."  The  ore  for  use  in  the  Siemens  direct  process  is  also  reduced  to  the 
size  of  pease  or  beana 

The  magnetites  of  the  Adirondack  hills  are  for  the  most  part  high  in  silicon, 
with  mere  traces  of  sulphur  and  phosphorus,  but  in  some  instances  an  objec- 
tionable quantity  of  the  latter.  Roasting  appears  to  have  been  followed 
some  years  ago  to  aid  in  the  disintegration  of  the  ore  rather  than  for  its  chemi- 
cal results,  although  it  would  seem  judicious  to  return  to  the  discarded  prac- 
tice with  the  help  of  modern  improvements.  The  introduction  of  well-planned 
crushing  and  separating  mills  has  no  doubt  led  to  the  change.  In  these  milla 
the  ore  is  received  from  railway  cars  dumping  on  an  inclined  table,  froo^ 
which  it  passes  through  spouts  13  by  15  inches  to  Blake  crushing  and  pulver- 
ising rolls.  A  graduating  cone  permits  the  discharge  of  stuff  sized  for  passage 
to  the  separator  screens,  and  returns  ore  too  large  to  an  elevator  for  another 
passage  through  the  rolls.  From  the  screens  the  stuff  passing  over  is  returned 
for  treatment,  while  that  going  through  is  discharged  on  the  washing 
jigs.  These  are  sieves  placed  in  tanks  of  water,  to  which  a  set  of  plungers 
impart  the  jis^ging  motion  necessary  to  the  separation  of  ore  from  rock  accord- 
ing to  their  respective  gravities.  A  layer  of  ore  of  the  size  of  filberts  **  is  de- 
posited on  the  sieves,  which  has  the  effect  of  allowing  particles  of  the  same 
specific  gravity  as  itself  to  pass  through  it  and  the  sieve,  while  it  keeps  back 
any  particles  of  less  specific  gravity,  which  last  are  gradually  washed  over  the 
end  from  one  compartment  into  the  next  lower  one,  the  light  waste  from  the 
last  compartment  finally  passing  away."  A  separator  of  this  description  ak 
Ironville,  Essex  county,  N.  Y.,  driven  by  water  power  of  40  h.  p.  effect,  is 
capable  of  treating  five  tons  an  hour.  After  the  descent  of  the  ore  from  the 
car  two  top-men  are  required  at  the  spout  and  one  man  at  the  jig  at  the  oon- 
clusion  of  the  process.  The  daily  wages  are  for  the  first  $1.10  each^  and  for  the* 
jigman  who  looks  to  the  working  of  the  machinery  and  is  handy  at  repairs,. 
$1.50.  The  current  labor  expense  is  therefore  light,  but  the  chai^  for  break- 
age has  been  a  variable  quantity.  In  1882  the  repair  charges  against  3,452^ 
tons  crushed  and  separated  were  $1.83  a  ton,  and  in  1883for  3,381  tons,  $1.23^ 
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«  ton.  The  m&nager  made  some  improvements  in  the  machinerv  ii.  l^'Si. 
wl&icli  largely  reduced  ezpenses,  the  amoant  beinc  only  2'2l  cente  per  lox.  lar 
5,181  t»ns,  in  1885  at  the  rate  of  Sl^  cents  for  927  tons,  and  ir  i  ?ST  a:  iht 
cmte  of  17  cents  for  2.174  tons.  In  1886  only  183  tons  were  dressed,  acains: 
vrhich  the  repair  charges  were  $2.46^  a  ton.  The  dreasieLl  ore  h  ioaded 
c&TB  by  laborers  at  an  expense  of  seven  cents  a  ton.  Ai.  immense  mil.. 
Ld  to  be  the  best  in  the  United  States,  is  in  operation  ai  Lyor:  mouniazn. 
machinery  is  essentially  the  same  as  in  the  smaller  mill  a:  Ironville.  with 
^lie  exception  of  the  jigs,  which  are  more  elaborate  in  construction  and  :ierter 
adapted  fcx*  dealing  with  large  quantities  of  ore.  The  mill  is  drivei:  will  a 
oonsamption  of  nine  tons  of  anthracite  pea  coal  by  h  l!3C'  h.  p  enrint 
are  ten  laborers,  engineer,  two  firemen  and  mill  manager.  The  prr«eni 
daily  working  is  250  tons,  capable  of  lieing  puhhed  to  oOO  tons.  Hen  aisc- 
the  repairs  account  is  the  principal  item.  Bat  the  end  aitaineii  ieavf^  noth- 
ing to  be  desired  so  far  as  the  crushing  of  the  ore  and  separaLion  ironi  roc-ky 
are  concerned.  The  ore  is  delivered  in  the  size  of  coarse  L:verpoQ~  sal^. 
aboat  5  per  cent,  of  water  and  a>K>ut  5  per  i-cn:.  of  ^iluti-ius  /lusa. 
tailings  are  discharged  by  a  flumf ,  and  the  loss  of  ore  api^aren;  iron,  xjiv-ir 
ktion  is  insignificant.  Td  an  onlooker  the  t-osi  of  repairs  wouu".  seem 
to  be  in  some  degree  prtventi'i)ie  by  more  careful  atn-ntion  tc-  tjit  nia:eri;i-  m 
tfe  machinery  and  more  cosi  for  wauhfai  siip^T^rintrTicieiic'e.  Eie;':ri.  sonar-  :■-■':-.  ^mn 
ation  by  bringing  a  stream  of  crusli'*d  ••rf'  within  ih*  "  lii-id'  of  rniawiu:  n^. lin- 
nets is  likely  to  supersede  ihr  jigij^-rs,  and  Tor  titaiiiftTOU!-  orvf  i^  .^-rT^tiiiiy 
firefeimble.  It  remains  to  be  proved  wbt-iher  thr  washiia:  itro;v>*  »ii>f>  no: 
aid  in  the  removal  of  some  pyritous  matter  as  wfl!  as  assist  :r.  its  diiir.xiuii.ix: 
in  the  bloomary.  Edison "s  mairnetic  separator  Las  \*fvzt  test-d  up^t.  :.h»  otv* 
Monging  to  Witherljees,  Shorman  a-  Co.  of  Port  Heiiry.  N.  V.  •■  Tbi  oM>e^-'i 
<if  the  aeparation  would  lie  to  rem-A-f  the  si'iica.  wbi.  h  is  prr'st-n:  :x.  s.  largr  a 
quantity  as  to  prevent  the  advu,ntageou:^  shipment  of  tbc-  ore  t:>  tht  furnav^^. 
The  analyses,  shoa*  that  th^  result  is  satisfactory  "  There  art  aiso  sonif  C'ana- 
dian  patents  for  separators  of  tliis  class.  In  fact  the  ahsolute  {separannr.  of 
^aagiie,  if  attainable  by  the  electric  separator,  is  not  desiraMr  in  ort  d^'siinec 
lor  the  Catalan  forge,  a  certain  aTiiouni  of  slag  beinc  requirei  for  tii*  protec- 
tion of  the  metal  from  excessive  oxidation  in  thi-  open  char^'oa'.  crt-  The 
imiepenoe  for  one  or  the  other  proce^  should  rest  on  a  careful  estimkit-  of  the 
merita  of  each,  the  character  fA  the  ore  and  its  destination,  whether  for  the 
blait  fnmaoe,  forge  or  open  heanh  furnace.  What  has  *^^een  stated  rexrarding 
does  not  apply  to  that  part  of  the  process  where  the  eiecirir  separaior 
into  competition  with  thtr  Jig.  It  is  in  the  heavy  machinery  that  the 
imaka  oocar.  The  expense  of  the  jigs  is  insignificant.  The  ccm  of  crush .ng. 
separating,  with  intei^est  on  capital,  maintenance  of  mill  ani  repaira.  in  s  g.x-id 
will  not  exceed  75  cents  a  ton. 

''As  characteristic  of  the  SwHiish  pig-iron  manufacture."  ssys  Prof.  Aker- 

*•  there  deserres  to  be  mentioned  the  strong  oilcining  of  the  ore*  in  the  BN^nowj  . 
gaa-f«mace  and    that  the  calcined  ores  before  l>eing  charged  into  rwiiw 
the  blatt  fnmace  are  crufrhed   Ijetween  rolls  or  Blake  cru>:iers  to  the-  size  of 
a  walnat  or  under."     The  treatrnent  of  '.»rv  to  th'='  ex  ten:  i:  if  cuiiucted  in 
the  American  crushing  mill  is  therefore  re^^uired  in  the  :n;<-r:'s;  M  iht  mine 
owner  and  in  the  CataUn  proc*-s-.     To  the  former  it  aff?ris  ::je  r.irULr.s  of  sav- 
ing a  lai]ge  quantity  of  materidl  V^rought  v.*  the  surface,  of  equal  .M>'i  to  raise 
it  with  the  richest  ore,  but   which    from    its  invrmixv-rc   wiii  r.vk    wi'.i 
not  pay  for  transportation. 

••The  bestspernt  wages  I  ever  ;»ai].*"  said  an  *>h:o  v*h»r.-*.-^a.  fzr!..-„Y  master, 
**  was  to  a  strong  able-bodied  man  to  break  up  the  or«  'tf-^rt-  .-a:.:..r.£  ;h;'!Ti 
into  pieces  as  big  as  your  fist.     Then  I  sifted  bruize  ihr.-'Ui:'!:  -.i  kv..\  lumt^d  ii 
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well."     For  desnlpharising  fine  ore  there  is  no  gas  kiln  in  usa     The  kiln  ■ 
must   occupy  an  intermediate  place  between  the  Blake  crusher  and  the*  \ 
pulveriser.     It  is  claimed  for  the  Taylor  kiln  that  it  can  desulphurise  from  5 
to  10  per  cent,  of  fine  ore,  about  the  quantity  which  will  pass  from  the  jaws 
of  the  crusher  working  on  a  dense  ore.« 


;SQUIBIMXNT8    OF    A    BOASTING    KILN. 

'*  In  charcoal  blooms  a  quantity  of  sulphur  so  small  as  0.035  per  cetkt.  is 
sufficient  to  produce  cracks  in  the  bar-iron  rolled  from  them."     Jn  the  blast 
furnace  sulphur  is   a  source  of  loss  from  the  necessity  of  melting  a  laige 
amount  of  limestone    for  producing  a  slag  for  its  removal      In  eaflijbem 
Pennsylvania  the  stone  burden  rises  to  50  and  60  per  cent,  of  the  ore,  while 
Mrith  lake  Superior  ore  very  little  troubled  with  sulphur  there  is  required 
Roeting  kilns  only  15  per  cent,  limestone  for  making  a  basic  slag.     "As  no  steel  making 
for  magnetic    process  is  able  to  remove  sulphur,  steel  makers  are  obliged  to  mix  native  red- 
^'^*  short  pig  with  imported  pig  iron  in  the  cupolas  and  in  the  open  hearth  fur- 

naces, and  to  mix  native  red-short  ores  with  imported  ores  in   the  blast 
furnaces.   .   .  The  price  of  imported  Cumberland  pig  iron  for  steel  making  with 
about  0.025  sulphur  is  about  $2  higher,  and  that  of  purest  Swedish  pig  iron, 
of  about  0.015  per  cent,  sulphur,  $7  higher  than  the  native  red-short  pig  at 
the  same  works.     .     .     .     "To  effect  a  clean  roasting,  reducing  the  sulphur 
to  less  than  one-half,  there  is  indeed  no  other  way  than  the  use  of  gas.    .    .    . 
The  fuel  for  gas  producing  ought  to  be  refuse,  unfit  for  carrjdng  into  the 
blast  furnace. '^t      Eefuse  from  wood,  other  than  sawdust,  ought  to  be  burned 
in  a  shaft.     In  Sweden  an  invention  is  successfully  in  operation  for  reducing 
the  moisture  in  gases  from  50  to  2  per  cent.,  which  ought  to  be  of  value  in 
forest  districts.     The  surplus  gas  from  the  furnace  cannot  always  be  counted 
OD.     Every  fit  of  indigestion  in  the  blast  furnace  is  followed  by  a  lowering  of 
the  heating  power  of  the  waste  gases,  and  it  is  just  on  such  an  occasion  that 
the  most  completely  roasted  ore  is  required.      The  Swedish  Westman  kiln 
and  Dillner  kiln  divide  with  the  American  Taylor  kiln  the  commendations  of 
Mr.  Lilienberg,  an  authority  on  the  subject.      The  last  named  is  the  least 
expensive   kiln,    and   its   capacity   for  reducing   the   sulphur  in   the   veiy 
sulphurous  magnetic  ores  of  New  Jersey  has  been  successfully  demonstrated. 
Whether  the  like  result  is  attainable  with  less  sulphurous  ores  such  as  those 
of  eastern  Ontario  is  not  to  be  inferred  without  trial.     The  facility   with 
which  any  ore  will  part  with  sulphur  depends  upon  its  density,  crystalline 
texture  and  the  mineral  character  of  the  pyrites.       Summing  up  the  require- 
ments of  a  roasting  kiln,  they  ^eem  to  be  as  follows:  (1)    The  sulphur  shall 
be  reduced  by  single  roasting  from  3  to  4  down  to  0.10  per  cent.     (2)  Fine 
ore  and  lumps  have  to  be  roasted  together  as  they  come  from  the  mines, 
without  any  extra  expense  for  separation.     (3)  The  cost  of  a  kiln  roasting  50  5 
toils  of  ore  a  day  shall  not  exceed  $2,000,  which  of  course  ought  to  stand  in   m 
some  proportion  to  the  price  of  the  ore.     (4)  The  cost  of  roasting  shall  not^ 
exceed  25  cents  a  ton.     (5)  The  height  shall  not  be  greater  than  the 
below  the  track  in  the  stonck-house,  or  about  12  feet,  in  order  that  elevatoi 
may  be  avoided  and  hopper  cars  used  for  direct  unloading."]:       Such  are  th< 
tests  to  be  applied  in  estimating  the  qualities  of  a  kiln,  in  the  opinion  of  Mr. 


*  In  the  Taylor  kiln  with  its  short  space  above  and  the  long  space  below  the  gma  inkft^ae 
sulphur  is  generally  reduced  from  2  to  5  per  cent,  down  to  0.25  per  cent.,  sometimes  to  0.T    ^ 
per  cent.      The  cost  of  erection  is  $1,800  to  $2,000,  or  about  one*fourth  of  that  of  the  Wet 
man  kiln.    The  height  for  lifting  the  ore  is  about  the  same.    The  consumption  of  ooal,  whii 
is  an  important  item  where  the  waste  vases  from  the  blast  furnace  cannot  be^jued, 
reported  to  me  so  low  as  1  cwt.  lump  anthracite  per  ton  of  ore.— Journal  of  the  ^^ 
Iron  Workers,  vol.  in,  p.  264. 

t  N.  Lilienberg,  in  the  Charcoal  Iron  Workers*  Journal,  voL  lU,  pp.  261-263. 

X  Journal  of  the  Charcoal  Iron  Workers,  vol.  m.,  p.  266. 
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XJlienlMi]^  bat  it  mmj  be  remmrked  that  the  chuxe  for  xiMuting  is  too  lov  in 
of  the  &ct  that  any  prooeu  for  desnlphnzising  in  the  fiirnaoe  will  oost 
nmch  ntofOL 


FBXFABATIO!^    OF    FLUX. 

^le  breaking  and  calcination  of  limestones  and  dolomites  for  nse  as  flux  in 

tlie  blast  famace  has  been  attended  with  variable  results^  those  adrerae  to  the  Tr»s&»t  <tf 

prmctice  being  probably  due  to  the  mixtore  of  dost  with  the  charge^     The 

equal  descent  of  ore,  flux  and  fuel  is  neceasarr  to  the  snccessfnl  operation  of 

tlie   fonaoei  and  obvioosly  this  cannot   be  attained   where  there  is  much 

divciaity  of  size  in  the  materials.      The  evil   shows  itae!f  in   the  aE^lniina- 

tian  of  some  of  the  materiaU  before  reduction,  followed  bv  exr-losaons.  the 

fonnation  of  *'  scaffolds  "  and  im-^larity  in  Uie  character  of  the  iron.    K^^ep- 

iDg  in  Tiew  the  management  ol  the  charge  so  as  to  avoid  this  e^  il.  it  is  apiiarent 

thaA  ealcination  or  the  separation  of  carb-jcic  a?id  from  limestone  and  the 

more  refractoiy   magnesian   limestone   or  dolomite  increas^ers  their  chemical 

ectiyity  of  combination  with  sulphur  and  p*hosphorous  wiihin  the  furnace. 

and  by  promoting  economy   of   fuel  in  their  reduction  admits  of  increasins 

the  proportional  burden  of  ore.       **  The  crystalline  limestones  of  the  Lauren- 

tien  aeries,'*   says  Lc^n,    '^are  remarkable  for  the   variety  of  crystalline 

minerals  which  thev  contain,"  which  renders  their  careful  ar^;vsis  t*rfore  use 

in  the  blast  furnace  a  matter  of  nt*cetssitv.       The  coar»e  orv^ialline  iDlomiies 

«Mi!*^*^*  from  45  to  5$  per  cent,  carbonate  of  lime.  34  to  46  per  oeni.  car'ronate 

off  magnesia,  with  oxide  of  iron  and  quartz. 

SUFKBIOB     wTALiTT     \.Y     CHABC-'AL     ISO!?. 

"  The  best  and  second  marks  of  Dannemora  iron  owe  theirVnperioriiy  over 
other  Swedish  irons  to  greater  free-lorn  froLu  the  coriiaTn-t.at::'n  of  f^ie-ign 
■abstances.  Both  these  irons  and  the  marks  made  frons  hematit'e^  are 
tnperior  to  the  British  for  steel  purposes,  "hie^ause  both  are  maie  with  charcoal 
Only.  Even  Swedish  blooriis  which  have  V/een  heated  ar^d  welded  in  r-ur  coke 
and  drawn  into  bars  are  found  to  \a  deteriorated  therebv.    .     .     The  con- 


of  gray  metal  «aitable  for  foundry  or  l^essemer  steel  purposes.  At 
jahytta  the  consumption  i*  as  low  as  13i  to  14  cwt.,  making  white  and 
mottled  iron.  The  poor  ores  of  Talberg  require  as  much  as  50  or  60  cwt.  per 
ton  ...  At  Oreier-wood  furnace,  near  M:irquett^,  on  lake  Superior,  the 
fad  is  hardwood,  prin<ri:<al]y  mapl^  charcoal,  the  consumption  being  at  the 
rate  of  125  bushels,  weighing  from  16  to  201b.  each,  or  about  25  cwt.  per  ton 
of  pig  iron.  The  ores  are  not  roast^.  ...  At  the  Wyandotte  iron  works 
near  Detroit  the  consumption  of  li^ht  wood  coal  is  140  l>ushels  of  1 4  lb.  weight 
each  per  ton."*  In  Greenwood  s  tr^tLse  on  Steel  and  Iron.  1SS4,  it  is  stated 
that "  the  Canadian  charcoal  furnaces  making  dark  gray  pig  iron  require  from 
15}  to  23  cwt.  of  charcoal  per  ton  of  iron  :nade.  I:  is  noticeable  from  these 
last  figures  that  the  conso;i.ption  of  charcoal  in  charcoal  furnaces  is  much 
less  per  ton  of  metal  produced  than  is  the  consumption  of  coke  in  coke  fur^ 
nactt,  and  that  a  greater  amount  of  work  is  thus  performea  by  the  fuel  in  the 
latter  than  in  the  former,  owing  prob'^bly  to  the  greater  amount  of  flux  and 
earthy  matters  that  have  to  be  converted  into  sUg  in  the  coke  furnace  than 
in  the  charcoal  furnace  using  purer  ores.''  While  the  information  on  which 
the  statement  is  based  may  be  questioned,  the  inference  is  theoretically 
correct.  One  part  by  weight  of  charcoal  is  to  an  eq  lal  weight  of  stone  coal 
as  75  to  60  for  raising  ^nal  wei^u  of  water  from  32'^  to  212^.  according  to 

'B^TKHUA  on  tiM  McuiliiTgy  of  Iroo,  p.  205. 
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Yoerman.    XJre  (Dictionary  of  Arts,  Manufactures  and  Mines,  toL  n,  1878), 
gives  the  following  table : 


Species  of  combustible. 

Wood  charcoal 

Turf  charcoal 

Coke 

Pitcoal 

Sulphuretted  hydrogen  gas.. 

Oil. 

Wax. 

Tallow  . 


Pounds  of  water 

which  1  lb.  fuel  can 

heat  from  <r  to  212° 


78.00 
64.00 
66.00 
60.00 
75.00 

78.00 


Pounds  of  boiling 

water  evaporated  by 

lib.  fuel 


18.27 
11.68 
11.81 
10.90 
18.81 

14.18 


In  the  American  bloomary  process  **none  of  the  dense  fuels  such  as  coke 
or  anthracite  would  be  used,  as  they  would  require  a  greater  pressure  of  blast 
and  give  a  higher  temperature,  the  result  of  which  would  probably  be  an 
impure  cast  iron.  ...  To  perform  the  operation  of  reduction  only  a  high 
Charcoal  fuel  temperature  is  not  necessary,  but  as  the  reduced  iron  is  in  grains  of  the  form 
for  the  bloom-  of  the  fine  ore  the  temperature  of  low  welding  heat  is  necessary  to  bind  the 
ary  process,  particles  together.  Any  temperature  higher  than  this  is  likely  to  introduce 
impurities,  notably  carbon,  which  will  make  the  iron  hard  and  sticky,  or  may 
even  produce  c&st  iron.  This  is  the  reason  why  soft  wood  charooal  is  so  much 
more  preferable*  in  this  process  than  that  made  from  denser  woods  which 
would  give  too  high  a  temperature.  .  .  .  There  are  besides  some  ores  of 
iron  of  exceptional  purity,  but  so  lean  that  they  can  hardly  be  worked  in  the 
blast  furnace.  To  be  worked  at  all  they  must  be  crushed  and  dressed,  and  it 
is  only  practicable  to  treat  the  fine  ore  thus  produced  in  a  bloomary  with 
charcoal."*  Since  Dr.  Egleston's  papef  was  written  the  partial  use  of  fine 
ore  in  the  blast  furnace  has  become  widely  extended,  the  quantity  allowed  in 
the  charge  being  as  much  as  15  to  20  per  cent.  Dressed  fine  ore  ia  also 
essential  to  the  oxidising  process  for  the  removal  of  phosphorus  in  the  rotating 
furnace.  Dr.  Egleston  further  says  that  '*  the  kiln  has  a  peculiar  importance 
in  the  vicinity  of  concentration  works,  as  it  gives  a  charcoal  free  from  dirt,  a 
very  important  consideration,  as  the  whole  object  of  dressing  the  ores  ia  to 
get  rid  of  the  silica,  and  if  dirt  were  introduced  in  the  fuel  the  loss  of  iron 
would  not  only  be  increased  but  the  benefit-  derived  from  dressing  the  ores 
very  much  diminished.  ...  At  the  Norton  iron  works,  Plattsburgh,  N.T., 
the  charcoal  for  the  blast  furnace  and  for  kindling  fires  is  made  of  slabs,  butt 
ends  of  logs  and  flood  wood." 

BBTOBT    AND     PIT     CHARCOAL. 

The  controversy  between  the  advocates  of  the  respective  merits  of  retort 
rrocomooofmftfc  '^"^  P^^  charcoal  has  brought  out  pretty  clearly  that  under  skilful  man- 
ing  ch&rcoai.  agement  and  favorable  circumstances  the  old  fashioned  process  is  scarcely 
less  eflective  than  the  use  of  the  retort.  Instances  are  recorded  were  59  and 
60  bushels  to  the  cord  of  {soft  wood  have  been  obtained  in  Swedish  meilers.  It 
is  claimed  that  in  the  retorts  of  Mathieu,  coaling  one  cord  charges,  64  to  70 
bushels  have  been  produced,  the  average  results  of  several  operations  being 
stated  at  1,450  lb.  of  charcoal  per  cord  of  hard  wood.  The  Swedish  ooal 
burners  claim  for  their  kilns  a  production  of  62  bushels  per  cord  from  poor 
wood,  and  66.7  bushels  from  good  dry  wood.  The  general  average  of  Ameri- 
can kilns  is  considembly  less.     At  the  kilns  of  the  J.  db  J.  Rogers  Iron  Co. 


*Dr.  Egleston  in  the  Transactions  of  the  American  Institute  of  Mining  Engineen,  1879. 
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the  usual  yield  is  50  bushels  of  2,748  cubic  inches  per  cord  of  first  growth, 
mixed  hard  and  soft  woods,  and  40  to  45  bushels  per  cord  of  second  growth  ^^  o'  produc- 
^woods.  The  labor  cost  of  burning  at  the  Ohateaugay  Ore  and  Iron  com- 
pany's kilns  by  piece  work  is  $1.12^  cents  per  100  bushels.  The  cost  of 
manufacture  in  north-eastern  New  York  is  varied  only  by  transportation 
charges,  being  generally  constant  at  the  rate  of  6  to  6^  cents  a  bushel,  made  up 
as  follows : 

Cutting  and  hauling  wood  to  kilns,  per  cord    $1  50 

Coaling  and  incidentals,  average  per  cord     63 

Hauling  produce  of  one  cord  to  forges 62 

Cost  of  manufacturing  one  cord — 50  bushels  @  5^  cts (2  75 

Stumpage  per  cord  25  to  50  cts.—)  to  1  cent  per  bushel. 

BT-PBODUOTS    OF    CHABOOAL     FUBNA0E8. 

The  manufacture  of  acetate  of  lime  as  a  by-product  was  carried  on  by  the 
J.  <b  J.  Rogers  Iron  Co.,  but  not  being  a  commercial  success  it  was  abandoned. 
No  wood  alcohol  was  saved.  The  results  of  the  operation  of  the  Mathieu 
wood-carbonising  and  distilling  plant  at  Port  Leyden  do  not  appear  to  have 
warranted  the  claims  of  the  inventor,  which  as  stated  at  a  meeting  of  the 
United  States  Charcoal  Iron  Association  were,  that  the  Luther  Manufactur- 
ing company  obtained  70  bushels  of  charcoal,  4|  gallons  of  methyl ic  spirit 
and  125  lb.  acetate  of  lime  per  cord  of  wood ;  that  at  Shelby,  Ababama, 
from  100  cords  of  pine  wood  were  obtain^  6,460  bushels  of  charcoal,  1,013 
gallons  of  crude  turpentine,  900  gallons  of  tar ;  that  at  St.  Ignace,  Michigan, 
18  men  operated  56  one-cord  retorts  at  an  expense  of  $24  a  day,  producing 
3,840  bushels  charcoal,  180  gallons  methylic  acid  worth  70  cents  «  gallon, 
and  9,000  lb.  acetate  of  lime  worth  2\  cents  a  pound.  The  plant  was  esti-  The  Mathieu 
mated  to  cost  $366  a  cord  of  wood,  its  production  to  be  worth  $6  and  th«  JhodTofrnMu- 
expenses  to  be  60  cents  a  cord  of  wood.  The  system  of  Dr.  Pierce '  is  less  facture. 
costly  than  that  of  Mathieu.  The  latter  requires  the  wood  to  be  cut  in 
stove  lengths  and  charged  in  a  retort  set  in  fire  brick.  The  wood  is  com- 
pletely carbonised  in  less  than  24  hours.  The  process  of  Pierce  makes  the 
kiln  essentially  a  retort  heated  by  a  furnace  on  the  outside.  Cord  wood  is 
charged  in  the  usual  way  in  a  bee-hive  kiln,  and  the  vapors  for  distillation  are 
conducted  in  mains  to  an  adjacent  still-house.  This  is  the  system  in  use  at 
Deseronto,  the  success  of  which  is  in  marked  contrast  with  the  failure  of  the 
Mathieu  process  works  at  Sharbot  lake.  It  should  be  borne  in  mind  that  the 
multiplication  of  wood  chemical  stills  ceases  to  be  Jucrative  when  the  pro- 
duction of  acetates  exceeds  the  demand.  The  manufacture  of  acetic  acid  has 
not  yet  been  attempted.  The  hnportation  amounts  to  25,000  gallons  a  year 
of  the  import  value  of  80  cents  per  gallon.  The  production  of  gas  from  the 
vapors  of  the  charcoal  kiln,  condensable  as  well  as  uncondensable,  for  steel  or 
puddling  furnaces  will  afford  when  these  volatile  products  are  exposed  to 
high  temperatures — 

Carbon  dioxide 18  to  25 

Carbon  oxide 40to50 

Hydrogen 14  to  17 

Marsh  gas 8  to  12 

defiant  gas  6  to    7 

A  considerable  portion  of  the  gas  generated  in  one  or  more  kilns  can  be 
employed  in  carbonising  the  wood  in  other  kilns.  In  a  well  reduced  kiln  car- 
bonisation is  effected  by  the  burning  of  the  wood  gases  instead  of  the  wood  J^Jf  K**®"  •^ 
itself.  Only  a  small  amount  of  wood  ashes  is  found,  and  that  directly  under 
the  opening  through  which  the  charge  was  first  fired.  Whenever  wood 
ashes  are  found  in  different  parts  of  the  kiln  the  collier  takes  them  as  evidence 
of  an  unsuccessfully  reduced  kiln  and  of  a  corresponding  waste.  More  con- 
clusive evidence  that  the  gases  chiefly  furnish  the  combustible  for  charring 
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wood  is  f ound^in  the  fact  that  if  the  gases  are  captured  as  they  are  thrown  off 
or  as  they  issue  from  the  kihi  and  condensed,  less  than  one-half  of  the  acetic 
acid,  wood  alcohol  and  tarry  compounds  that  the  wood  was  capable  of  gene- 
rating is  obtained.  By  condensing  the  gases  from  a  kiln  reduced  in  the  ordi- 
nary manner  and  under  favorable  circumstances  never  more  than  one  hundred 
and  twenty  pounds  of  acetate  of  lime  and  one  and  a  half  gallons  of  wood 
alcohol  per  cord  are  obtained,  whereas  the  amount  of  acetate  of  lime  per  cord 
should  be  four  hundred  pounds  and  of  alcohol  from  three  to  five  gallons. 
The  condensation  of  the  issuing  gases  shows  an  excess  of  water,  to  be  accounted 
for  only  on  the  supposed  combustion  of  large  portions  of  gases  in  the  kiln. 
Again,  there  is  found  among  the  gabies  thrown  off  but  little  carbonic  acid  gas.^ 
The  variety  of  analyses  of  gas  products  given  and  the  discrepancy  in  the  state- 
ments of  condensable  products  are  due  no  doubt  to  the  variable  character  of 
the  wood  experimented  upon  and  to  the  rate  of  driving  the  kiln,  that  is,  the 
degree  of  temperature  at  which  the  products  are  withdrawn.  The  products  of 
wood  carbonised  at  temperatures  between  150^  and  1,100''  Cent,  are  : 


At 

Carbon. 

Hydrogen. 

Oxygen, 
nitro(|pen 
and  loss. 

Carbon  for 

given  weight 

of  wood. 

160» 
250 
350 
1,100 

47.61 
66.69 
76.64 
83.29 

6.12 
4.81 
4.14 
1.70 

46.29 
28.97 
18.44 
13.79 

47.61 
32.98 
22.42 
16.32 

"  The  lower  the  temperature  and  the  longer  the  time  taken  to  reach  the 
point  of  carbonisation,  the  greater  will  be  the  yield  of  charcoal."  This  state- 
ment holds  good  of  the  ordinary  wood  fired  kilns,  and  is  in  a  measure  true  of 
retorts,  but  it  is  evident  that  in  the  gas-firing  or,  more  properly,  gas-carbonising 
processes  of  Pierce  and  Mathieu  there  is  no  comparison  between  the  time 
required  for  their  operation  and  that  of  the  common  kiln  or  the  meiler.  The 
superiority  of  the  gas-carbonising  process  appears  when  it  is  shown  that  in 
coaling  in  heaps  one-third  of  the  wood  is  required  for  the  work  of  carbonisa- 


tion. 


PROPBRTIES     OF     CHARCOAL     FUEL. 


Some  of  the  properties  of  charcoal  fuel,  upon  which  depend  its  great  superi- 
ority for  metallurgical  purposes,  are  : 

1.  Its][cheroical  composition,  as  follows  : 

Beechwood  charcoal  Light  charcoal  from 
from  pile.  wood  gas  worki. 
86.89  87.43 

2.41  2.26 

1.46  0.54 

3.02  1.56 

7.23  a21 


Carbon 

Hydrogen 

Oxygen  and  nitrogen 

Ath    

Water    


In  one  cubic  foot  of  charcoal  weighing  15^  lb.  may  be  stored  without 
mechanical  compression  a  little  ove/9  cubic  feet  of  oxygen,  representing  a 
mechanical  pressure  of  126  lb.  to  the  square  inch.  Blocks  of  fine  boxwood 
charcoal  absorbed  gases  in  the  following  proportion : 

Volumes. 


Ammonia  90 

Hydrochloric  acid  gas.  86 

Sulphurous  acid 65 

Sulphuretted  hydrogen.  55 

Carbonic  acid    35 


Carbonicoxide 

Oxygen    

Nitrogen  

Carbonated  hydrogen. . . 
Hydrogen 


Volumta. 
9.42 

9.25 

6.60 

6.00 

1.76 


\See  Dr.  H.  M.  Pierce  in  the  Charcoal  Iron  Werkers  Journal,  ^ol.  iv,  p.  264. 
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The  immense  water  power  is  utilised  by  nine  turbines,  the  duty  of  which 
is  estimated  to  yield  only  55  per  cent,  of  the  theoretical  maximum.  Two 
400  h.  p.  turbines  drive  the  Bessemer  blower  engines,  two  100  h.  p.  wheela 
run  the  blast  furnace  blowing  engines,  one  400  h.  p.  is  used  for  the  heavy 
plate  mills,  one  400  h.  p.  wheel  is  set  aside  for  two  bar  and  nail  mills,  while 
three  200  h.  p.  wheels  are  used  for  the  mills  and  machinery.  The  paper  from 
which  this  description  is  taken  adds :  '*  In  possession  of  a  large  supply  of 
ores  of  exceptional  purity,  of  an  unlimited  water  power,  cheap  fuel  and  good 
transportation  facilities,  these  works  combine  many  of  the  most  essential 
elements  of  success."  * 

The  Swedes  have  mastered  the  art  of  converting  wood  refuse  into  fumaco 
gas  for  open  hearths  making  steel.  A  description  of  the  Domnarfvet  iron 
Wood  refuse  for  works,  near  Falun  on  the  Bergslag  railway,  states  that  the  open  hearth  fur- 
lurn»ce  res.  j^^^qq  « ig  charged  with  bar  ends  and  Bessemer  scraps  which,  owing  to  the  low 
temperature  in  the  Bessemer  converters,  cannot  be  worked  in  them.  For 
this  and  many  of  the  other  furnaces  sawdust  and  other  refuse  is  used  in  gas 
producers.  These  are  chambers  with  cylindrical  stacks,  7  feet  diameter,  12 
feet  high,  contracted  by  a  conical  fire  box  to  4  feet  diameter  at  the  bottom^ 
where  there  is  an  ordinary  fire  grate.  The  top  is  covered  by  a  flat  brick  arch 
perforated  by  a  tube,  forming  the  feeding  hopper,  which  is  closed  by  a  mov- 
able cone  of  the  kind  ordinarily  used  in  blast  furnaces.  An  upright  pipe  in 
the  ash  pit,  terminating  a  little  below  the  level  of  the  grate,  serves  for  the 
admission  of  the  air.  The  gas  produced  passes  downward  by  a  rectangular 
channel  in  the  brickwork  of  the  stack  to  the  condenser,  a  rectan.ular  iron 
box  about  12  feet  long,  2^  feet  broad  and  about  6  feet  deep,  divided  inter- 
nally by  partitions  reaching  nearly  to  the  roof  and  floor  alternately  into  a 
series  of  cells  through  which  the  gas  is  made  to  travel  in  a  zig-zag  direction, 
and  encounters  at  the  top  of  each  alternate  division  a  series  of  jets  of  water 
which  cool  it  and  remove  the  steam  and  other  condensable  substances  with 
which  it  may  be  mingled  and  deliver  it  in  a  dried  state  to  the  main  gas  flue» 
whence  it  flows  into  the  regenerators  in  the  usual  way."  t  Plans  of  various 
forms  of  producers  for  using  sawdust  for  fuel,  for  using  short  wood  and  using 
long  wood  in  the  manufacture  of  gas,  are  given  in  the  Journal  of '  the  United 
States  Charcoal  Iron  Workers  Association.  It  is  stated  that  some  years  ago  an 
attempt  was  made  at  Brock  ville  in  this  province  to  gasify  cord  wood  for  mix- 
ture with  coal  gas  for  the  illumination  of  the  town.  The  quantity  of 
hydrogen  gas  generated  was  of  course  excessive,  and  the  attempt  therefore  was 
abandoned.  Sawdust  has  been  compressed  into  slabs  and  bricks  and  mixed 
with  tar  for  avoiding  the  risk  of  explosives  which  have  attended  the  earlier 
efforts  to  gasify  it  in  retorts.  The  grinding  of  it  with  anthracite  or  other  coal 
waste  and  making  the  combination  plastic  by  the  addition  of  petroleum  might 
be  undertaken  by  means  of  some  of  the  many  recent  machines  in  very  suc- 
cessful operation  in  England  for  manufacturing  briquettes  of  patent  fuel.  Or 
it  is  suggested  that  it  might  be  incorporated  in  a  similar  process  with  some  of 
the  Ontario  bituminous  shales,  whose  value  in  the  gas  generator  will  come  up 
for  eonsideration  when  the  use  of  abundant  supplies  of  gaseous  fuel  in  iron  and 
.  steel  works  in  the  province  shall  be  a  necessity.  A  paper  on  the  iron  industry 
of  Hungary  states  that  in  Ferdinandoberg  there  are  five  gas  double  puddling 
furnaces  fired  with  wood  and  three  welding  furnaces  in  Burjorkova  similarly 
worked,  and  so  with  the  works  of  Kudsir,  where  there  are  two  double  gas 
puddling  furnaces  and  two  gas  welding  furnaces.  The  timber  employed  as 
fuel,  mostly  beech  wood,  is  introduced  into  generators  which  have  the  form  of 
a  pit. 

*  Charcoal  Iron  Workers  Journal,  toI.  i,  p.  13. 
t  lb.,  p.  15. 
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TBI    VALUE    or     WATBE'POWBE. 

A  reference  may  not  be  out  of  place  here  to  the  influence  of  water-power 
promoting  the  manufacturing  prosperity  of  the  neighboring  Union,  on 
tHe  authority  of  Mr.  J.  B.  Francis,  president  of  the  American  Society  of 
C/iTil   Engineers:   ''At  Paterson,  N.J.,   where  the  Society  for  Establishing 
TTsefol  Manufactures   was  formed  in   1791,  the    Passaic  river  when  at  a 
minimiim  furnishes   1,100  h.   p.     The  water-power  of  Lowell,   Mass.,   was 
began  to  be  improved  in  1822.     The  Merrimac  river  here  furnishes  10,000  ^**Sir 
li.p.     At  Cohoes,  N.T.,  the  Mohawk  could  supply  14,000  h.p.,  but  only  a  nuuiafac 
piurt  of  the  power  is  available  owing  to  the  way  the  works  are  arranged.     At  v^'P^ 
Manchester,  N.H.,  the  Merrimac  furmshes  10,000  h.p.     At  Lawrence,  Mass., 
the  minimum  power  is  10,000  h.p.;  at  Holyoke,  Mass,,   17,000  h.p. ;  at 
XjBwiston,  Maine,  11,000  h.p.  ;  at  Birmingham,  Conn.,  1,000  h.p.  ;  at  Passaic^ 
N.  J.,  900  h.p.  ;  at  Turner's  Falls   on   the   Connecticut   river,    10,000  h.p. 
I  have  named  the  above  water-powers  as  being  developed  in  a  systematic 
manner  from  their  inception.      In  the  usual  process  of  developing  a  large 
ifater  power  a  company  is  formed  who  acquire  a  title  to  the  property,  em- 
bracing the  land  necessary  for  the  site  of  a  town  to  accommodate  the  popula- 
tkm  which  is  sure  to  gather  around  an  improved  water-power.     The  dam  and 
eenels  or  races  are  constructed,  and  mill  sites  with  accompanying  rights  to 
the  lue  of  the  water  are  granted,  usually  by  perpetual  leases  subject  to  annual 
ntes.     This  method  of  developing  water-power  is  distinctly  an  American  one, 
and  the  only  instance  where  it  has  been  attempted  abroad  that  I  know  of,  is 
at  Bell^arde,  in  France."     When   there   are   a   succession   of   falls   within 
twenty  miles  of  a  railway  centre  or  other  eligible  site,   70  per  cent  of  the 
effectiTe  horse-power  furnished  by  turbines  at  any  fall  may  be  thus  united  by 
now  highly  improved  electric  apparatus  for  the  transmission  of  power.      The 
eiractaral  and   mechanical   appliances   which   an  abundant  supply  of  water- 
power  enables  the  mechanical  engineer  to  use  in  metallurgical  processes,  along 
with  an  abundant  supply  of  fuel  from  sawmills,  indicate  great  advantages  to 
be  derived  from  the  location  of  iron  manufactures  at  hydraulic  sites  in  the  . 
lambering  dlscrict.     When  along  with  these  the  forest  resources  are  sufficient  tares  at 
to  inaore  a  large  supply  of  charcoal   fuel  for  many  years,  the  creation  of  an  *^'*'^^  ' 
indoBtry  which  will  be  of  great  value  to  settlers  affords  an  additional  induce- 
ment.    Bat  when  it  is  considered   that   abundant  and  cheap  motive  power, 
with  reasonably  cheap  fuel,  at  some  some  central  point  in  the  mineral  district 
of  eastern   Ontario  for  example,   and  where   railway  facilities  can  be  had, 
might  be  expected  to  afiord  means  for  the  development  of  the  following  man- 
nCactares  of  raw  material,  the  inducement  shouLd   be  sufficient   to  promote 
enterprise  in  this  direction  : 

1.  Iron  smelting. 

2.  Direct  process  for  making  blooms  from  ore. 

3.  Crashing;  and  concentrating  iron  ores  for  local  works  and  for  exportation. 

4.  Manufacture  of  open  hearth  steel. 

5.  Roasting  pyrito-:s  ores  and  >>arium,  and  manufacture  of  sulphuric  acid. 

6.  Grinrlini^  and  chemical  manipulation  of  ph^^phate  of  lime. 
7-  Lesd  smelting. 

8.  Manufacture  of  retort  charcial  and  distillation  of  chemicals  from  wood. 

9.  Manufacture  of  acetate  of  leari  and  other  acetates. 

10.  Kedacti  >n  of  opper  and  other  ores  from  Sudbury  and  the  lake  Superior 
region. 

EXPEBT     KNOWLEDGE     A     NBCBSSXTT. 

With  no  ade^|uat^  industrial  development  of  mineral  resources  beyond  The  vaia 
labor  of  mining  and   exporting   raw   material,    to  be  purchased  after  paying  P«^  kno 
tribute  at  two  customs   barriers,   with  the  additional  tribute  to  the  foreign  ind'aiuy 
artisan  for  the  manufactured  product,  the  province   will  have  at  least  this 
advantage  in  entering  upon  a  new  career  of  enterprise  for  the  development 
of  mineral  reaonrces,  chat  metallurgical  science  has  advanced  more  in  the  past 
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fifteen  years  than  in  any  previous  period.  In  no  department  of  human 
activity  is  thorough  mastery  of  recondite  processes  more  necessary,  and  in  m> 
other  enterprise  has  the  path  of  progress  been  strewn  with  so  many  fiskilures. 
As  a  striking  illustration  of  the  precision  required  in  testing  new  discoveries, 
it  may  suffice  to  point  out  that  in  1855  the  Geological  Survey  of  Oanada^ 
drew  attention  to  the  Chenot  method  of  making  .  iron  sponge  or 
spongy  iron  as  a  method  of  dephosphorising  and  desulphurising, 
and  thus  furnishing  a  pure  product  for  compression  and  fusion  in  crucibles  for 
the  manufacture  of  steel.  The  process  had  the  endorsement  of  the  highest 
authorities  in  Great  Britain  and  on  the  continent,  and  theoretically  it  is  un- 
assailable so  far  as  the  chemistry  of  the  process  is  concerned.  The  practical 
difficulties  of  the  process  however  have  stood  in  the  way  of  its  successful  appli- 
cation, and  while  it  is  even  now  omitted  from  no  respectable  authority  in  the  list 
of  metallurgical  processes  for  the  reduction  of  iron  ore  it  is  stated  that  in  no 
^wadiBh  exports,  instance  is  it  in  practical  operation.  The  obvious  necessity  for  protecting  a» 
well  as  instructing  the  enterprise  of  this  province  by  establishing  a  School  of 
Mines  in  which  the  chairs  shall  be  given  to  Swedish  scientists  acquainted 
with  the  mineralogy  and  lithology  of  the  Laurentian  formation,  and  able  to 
impart  with  authority  the  knowledge  of  metallurgical  skill  most  suitable  for 
dealing  with  the  natural  conditions  and  for  developing  the  natural  resouroea 
of  this  province,  rests  upon  the  fact  of  similarity  of  environment  and  the  custom 
of  successful  iron  masters  to  employ  the  best  men.  Lord  Armstrong,  himself 
an  iron  king,  says :  **  Every  iron  master  in  the  kingdom  will  acknowledge  thi» 
necessity  of  either  making  himself  an  expert  in  the  branches  of  knowledge 
concerned  in  the  process  of  smelting,  or  of  employing  qualified  specialists  to 
supply  his  own  deficiencies." 


Double  shells 
and  movable 
liearths. 


I. — THE    HUSGAFVEL   BLAST    FURNACE. 

In  the  evidence  of  Mr.  James  Lobb  reference  is  made  to  the  manufacture 
of  RusHian  sheet  iron  from  blooms  of  magnetic  iron  ore  smelted  in  the 
Husgafvel  furnace.  An  estimate  of  the  cost  of  Husgafvel  furnaces  of  4^ 
tons  daily  capacity  was  placed  in  the  hands  of  the  Commission  by  Mr.  Lobb^ 
from  which  it  appears  that  a  plant  consisting  of  three  furnaces,  engines^ 
hoist,  breaking  machine,  buildings,  etc.,  could  be  erected  for  about  $31,000^ 
and  that  a  furnace  alone  could  be  erected  at  a  cost  of  about  $3,200.  The 
estimate  further  showed  that  charcoal  blooms  could  be  produced  at  $15  to 
$16  per  ton  and  coke  blooms  at  $17  per  ton,  at  prices  for  ore,  fuel,  flux, 
labor,  etc.,  in  St.  Petersburg  or  Olonetz,  including  a  royalty  for  the  patent. 

The  claim  for  the  Husgafvel  furnace  is  that  it  produces  malleable  iron 
and  steel  from  ore  by  the  direct  process,  and  for  this  purpose  it  is  constructed 
with  double  iron  shells  and  movable  hearths.  A  paper  written  by  Husgafvel 
and  published  in  the  Jern-Kontorets  Annaler  in  1887,  reproduced  in  volume 
VII  of  the  Journal  of  the  (Jnited  States  Charcoal  Workers'  Association,  givea 
a  lengthy  account  of  his  experiments  in  furnace  construction  and  of  the 
results  finally  obtained.  *'  It  is  well  known,"  Husgafvel  writes,  '*  that 
malleable  iron  and  steel  are  produced  chiefly  from  pig  iron  'by  being  refined 
in  various  ways,  and  to  avoid  indirect  and  costly  methods  has  long  been  and 
still  is  the  desire  of  metallurgists  in  diflerent  countries.  Most  of  the  methods 
for  producing  iron  directly  from  ores  known  up  to  the  present  time  have 
failed,  so  that  many  of  them  exist  only  on  paper,  and  none  have  practically 
gained  well  known  or  important  use.  The  failure  of  these  methods  has 
whSftlw  direct  naturally  caused  a  strong  prejudice  amongst  metallurgists  against  all  direct 
'*"^  methods  in  general,  and  authorities  have  raised  their  voices  against  trials  with 

them.     If  on  the  one  hand  these  circumstances  have  increased  the  difficultiea 
for  inventord  to  have  their  ideas  accepted  or  put  in  practice,  they  ahoold  on 


method. 
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the  oth^r  hand  stimulate  the  inventor  to  test  th»  value  of  each  method 
impartially.  The  above-mentioned  reasons,  as  well  as  a  want  of  sufficient 
capital,  caused  the  method  herein  described  for  the  direct  production  of  mal- 
leable iron  from  the  ores  (the  development  of  which  has  consumed  twelve 
years  of  work)  to  be  unknown  to  the  public  until  the  present  time,  and  even 
now  it  is  not  developed  to  such  perfection  that  it  cannot  be  improved  in 
technical  and  economical  respects.  The  results  obtained  from  the  furnace  in 
Finland,  and  recently  in  the  iron  works  of  Count  Stroganoff  at  Drobiansky, 
in  the  Ural,  Russia,  nevertheless  show  that  the  principles  in  the  construction 
of  the  furnace  are  correct,  and  that  there  is  no  doubt  or  uncertainty  in  judg- 
ing of  and  regulating  the  smelting  operations.  The  principle  which  lies  at 
the  bottom  of  the  process  is  the  so-called  *  Astman '  or  *  Hark '  process,  well- 
known  to  and  used  by  our  ancestors,  but  the  manner  in  which  my  process  is 
operated  differs  so  much  from  the  older  ones  that  it  may  be  considered  as 
essentially  different.  .  .  .  The  first  improvement  was  in  1875,  when  a 
movable  hearth  was  constructed,  which  in  the  beginning  was  made  of  three- 
eighths  inch  plate  iron  and  the  interior  lined  with  clay,  quartz  and  lime.  In 
consequenco  of  frequent  repairs  to  this  lining  the  hearth  was  replaced  with 
one  of  cast  iron  without  any  lining.  Since  a  continuous  operation  of  the  The  movabi* 
furnace  was  obtained  with  the  movable  hearths  there  appeared  to  be  a  possi-  *  ^' 

hOitj  of  obtaining  better  results  than  before  with  furnaces  of  greater 
dhnensions.  .  .  .  In  order  to  make  it  possible  to  regulate  the  changes  of 
temperature  which  were  caused  by  non-homogeneous  materials,  or  by  other 
reasons,  and  at  the  same  time  to  cool  down  the  lower  portion  of  the  furnace, 
it  occurred  to  me  to  try  hollow  furnace  walls,  and  to  allow  the  cold  blast 
before  it  reaches  the  tuyeres  to  pass  through  these  hollow  walls,  which  must 
thereby  be  cooled  down,  while  at  the  same  time  heating  the  blast.     .  .  hoUow  faniac« 

The  results  obtained  lead  to  the  following  conclusions  :  First,  by  the  passage  h**t'th6  bui*^ 
of  the  blast  through  the  walls  of  the  furnace  they  are  kept  so  cool  that  there 
is  no  danger  of  their  being  burned  or  oxidised,  even  if  made  of  iron  plate 
without  lining.     Second,  this  method  of  heating  the  blast  affords  a  means  of 
regulating  the  operation  of  the  furnace.     To  increase  the  temperature  of  the 
blast  and,  when  desired,  to  alter  it,  it  further  occurred  to  me  to  provide  the 
furnace  with  double  walls  of  plate  so  arranged  that  the  cold  blast  can  be 
admitted  between  them  at  different  levels.     This  arrangement  for  the  admis- 
sion of  the  blast  between  the  walls  of  the  furnace  also  enables  alterations  to  Regulating:  th^ 
be  made  in  the  furnace  itself,  and  thus  regulate  the  operation  of  the  process.  tSTbiMt"" 
In  the  year  1884  this  principle  was  applied,  and  a  furnace  with  double  walls 
of  soft  plate  iron  was  erected  at  the  Wartsila   iron  works.     .     .     .     The 
favorable  results   obtained  with  the  Wartsila  furnace  in  all  respects,  when 
compared  to  those  of  any  of  the  preceding  furnaces,  is  considered  to  be  caused 
hy  the  circulation  of  the  blast  between  the  walls  ot  the  furnace  in  connection 
with  the  forcing  of  the  blast  through  several  tuyeres  into  the  hearth  itself. 
The  former  prevents  the  too  early  *  sintring  '  of  the  ore  and  the  charge  from 
sticking  to  the  walls  of  the  furnace.     The  iron  is  not  oxidised  when  the  blast 
is  forced  into  the  hearth  itself,  which  at  each  change  of  the  hearth  is  filled 
with  charcoal,  and  the  several  tuyeres  with  which  they  are  provided  tend  to 
make  the  product  more  uniform.     .'     .     .     Considering  the  process  going  on 
in  the  Husgafvel  furnace,  it  has  been  suggested  that  the  chief  reason  of  the 
product  being  malleable  iron  or  steel  must  be  attributed  to  the  fact  that  the 
ore  charges  are  higher  per  unit  of  charcoal  than  in  the  case  of  a  blast  furnace,  ^ojf  *hj 
The  ore  is  charged  with  the  flux,  lime  or  dolomite,  so  that  the  earthy  matter  produced  to  th« 
as  well  as  a  part  of  the  unreduced  iron  may  combine  with  it  and  form  as  JJ^SoIu*^ 
easily  melted  and  quick  slag  as  possible.     The  blast  is  conducted  through  the 
hollow  walls  of  the  furnace,  the  consequence  of  which  is  that  the  stack  is 
kept  comparatively  cool,  and  at  the  same  time  a  high  temperature  is  produced 
|n  the  hearth  and  lower  part  of  the  fumaca     The  blast  is  heated  during  its 
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passage  through  the  walls,  cooling  down  the  stack  and  retarding  the  reduction 
of  the  ore  by  the  charcoal,  so  that  the  reducing  action  is  conoentratiBd  in  the 
lower  part  of  the  furnace,  not  much  above  the  tuyeres,  in  consequence  of 
which  the  reduced  iron  has  not  time  to  take  in  sufficient  carbon  to  form  pig 
iron.  Thus  the  carbonisation  generally  stops  before  a  more  or  less  hard  steel 
is  formed,  which  at  the  tuyeres  is  in  a  more  or  less  doughy  condition  and 
sinks  down  through  the  thin  fluid  slag,  beneath  which  it  coagulates  itaelf  and 
forms  a  bloom.  In  passing  the  tuyeres  during  the  '  sinking '  the  greater  or 
less  part  of  the  combined  carbon  is  oxidised  according  to  the  direction  given 
to  the  blast  in  the  hearth.  One  part  of  the  carbon  thus  removed,  it  may  be 
further  oxidised  by  the  action  of  the  blast  upon  the  surface  of  the  bloom. 
It  should  here  be  observed  that  the  iron  in  the  bloom  is  partly,  compact  and 
partly  solid,  like  blooms  which  are  produced  by  the  refining  of  pig  iron  in  a 
hearth,  and  not  like  iron  sponge,  as  might  be  supposed.  Besides,  by  the 
inclination  of  the  tuyeres  the  carbonisation  of  the  reduced  iron  can  be  r^u- 
lated  both  by  the  ore  charged,  the  quantity  of  air  supplied  and  the  height  at 
which  the  blast  is  introduced  through  the  iron  mantle  which  surrounds  the 
jjjpuiating  the  furnace.  It  is  also  obvious  that  the  process  can  be  conducted  so  that,  instead 
of  wrought  iron  or  cast  steel,  pig  iron  can  be  produced.  The  reason  of  this  is 
that  in  this  furnace  more  ore  can  be  charged  on  the  charcoal  than  in  a  blast 
furnace,  and  the  iron  is  not  so  completely  reduced ;  which  circumstances 
compensate  in  many  cases  for  the  loss  of  iron  which  takes  place  in  the  con- 
version of  pig  iron  into  malleable  iron.  ...  In  the  Husgafvel  furnace 
peculiar  appliances  for  lowering  the  temperature  are  used,  and  by  their 
means  the  heat  is  kept  away  from  those  parts  of  the  furnace  where  a  high 
temperature  is  not  only  necessary  but  even  detrimental ;  in  other  words,  this 
superfluous  heat  is  taken  up  by  the  blast  and  introduced  into  the  hearth 
where  it  is  needed.  The  above-mentioned  lowering  of  the  temperature  causes 
no  injurious  effect  on  the  proper  working  of  the  furnace,  provided  the  inner 
shell  is  surrounded  with  a  bad  conductor  of  heat.  Except  for  the  heating  of 
the  blast,  the  regulating  of  the  smelting  process  and  the  working  of  the 
furnace,  the  object  of  the  introduction  of  the  blast  between  the  walls  of  the 
furnace  is  to  cool  them  down  so  as  to  prevent  the  iron  from  sticking  to  them 
and  forming  a  scaffold ;  it  also  checks  the  reduction  of  the  ore  by  solid 
carbon." 


^rooeM. 


•fhe  plant. 


-The  gas  pro- 
xlucer. 


foinU  of  dif- 
lerence  from 
^Other  furnaces. 


J. — THE  HENDERSON  STEEL  CONVERTER. 

BT  B.  0.  OABLICK,   METALLURGIST,  CLEVELAND. 

The  Henderson  experimental  steel  plant  now  running  at  Birmingham, 
Alabama,  is  essentially  a  basic  open  hearth  furnace  and  consists  of  a  gas  pro- 
ducer and  reducing  and  dephosphorising  hearth  lined  with  magnesia,  brick 
and  lime,  with  a  reverbatory  furnace  attached,  acid  lined  for  the  purpose  of 
desilicouising  pig  iron  high  in  silicon,  which  may  also  be  used  for  melting 
pig  for  the  dephosphorising  chamber. 

The  producer  and  the  two  hearths  are  placed  in  a  direct  line  and  the  gas 
and  flame  from  the  producer  are  taken  into  each  respectively  through  a  neck 
and  short  flue,  after  which  they  pass  into  a  heating  oven  containing  iron 
pipes  and  thence  under  the  boiler  of  the  engine  and  out  through  the  smoke 
stack.  This  furnace  diflers  from  the  open  hearth  furnaces  in  general  use,  first 
in  the  form  of  the  gas  producer  and  the  use  of  a  forced  blast  in  contradistinc- 
tion to  a  draft.  The  producer  is  round  and  is  made  with  a  closed  bottom 
without  grate  bars,  and  the  blast  is  conducted  into  it  near  the  bottom  through 
tuyeres  placed  at  equal  distances  apart.  Fuel  is  charged  through  an  aper- 
ture at  the  top,  which  is  closed  automatically  by  a  simple  mechanical  contri- 
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The  ash-pit  of  the  fuel  is  fluxed 'with  fluorspar  and  lime,  melted  and 
off  through  a  tapping  hole.     Secondly,  the  first  furnace  of  the  dephos- 
phoraing  hearth  is  lined  with  basic  material. 

On  my  arrival  at  Birmingham  on  the  18  th  of  December,  1888, 1  found  that 
t»y  an  accident  to  the  blowing  cylinder  the  plant  was  incapacitated  for  use.  Pint  test. 
Repairs  and  the  time  consumed  in  heating  the  furnace  to  the  required  tem- 
perature to  enable  me  to  conduct  my  experiment  consumed  ten  days.  On 
December  28th  the  first  heat  was  made  with  the  furnace  in  a  satisfactory  con- 
^Ution,  with  the  following  result : 

Furnace  charged  at  9  a.m. ;  heat  drawn  at  1.30  p.m.  ;  time  required  for 
conversion,  4  hrs.  30  min. 

C^rge :  Pig  iron  3,225  lb.  ;  wrought  scrap  1,140  lb.  ;  80  per  cent,  ferro-man- 
^anese  40  lb.  ;  fossil  ore  (Alabama)  BO  lb.  ;  limestone  240  lb.  and  fluorspar  100  lb. 

Prodytet:  Weight  of  ingots  3,962  lb.  and  scrap  255,  making  a  total  of  4,217  lb. 

Analysis  :  Weight  of  iron  and  scrap  charged,  4,365  lb.,  to  which  add  iron  con- 
tained in  80  lb.  ore  (50  per  cent.)  40  lb.,  making  a  total  of  4,405  lb.  Deduct  pro* 
4lact  of  heat  4,217  lb.,  and  the  loss  is  188  lb.,  or  about  four  per  cent. 

Tests  made  with  the  sample  ingots  were  very  satisfactory.  When  drawn 
oat  in  a  blacksmith's  forge  into  forms  one-quarter  of  an  inch  thick  the  samples  An  excellent 
turned  cold  either  with  the  grain  or  across  it,  without  a  fracture.  The  pig  iee"*^  ^' **'^ 
Iroa  samples  together  with  the  test  bars  taken  during  the  heat  were  forwarded 
to  Cleveland  for  analysis,  with  one  of  the  ingots  of  steel  to  be  rolled  into  plate 
and  other  forms  for  a  practical  test.  1  regret  that  these  have  not  been 
leottved.  An  analysis  for  comparison  with  that  of  other  known  brands  and 
test!  of  the  manufactured  product  mechanically  would  demonstrate  conclu- 
mveij  its  value.  It  is  safe  to  say  however  that  the  resulting  product  of  the 
experiment  is  an  excellent  quality  of  soft  steel.  ' 

The  second  experiment  was  made  with  Canadian  magnetic  ore.     Furnace  ^^^^^  f^g^ 
eharffed  at  3  p.m.:  heat  drawn  at  8  p.m.:  time  required  for  conversion  5  hrs.  with  Canadian 

.  1-7  1  ma^fnetioore 

CKarae :  Pig  iron  8,000  lb. ;  Canadian  magnetic  ore  500  lb.  ;  red  mountain 
{Alabama)  fossil  ore  50  lb.  ;  fluorspar  100  lb.  ;  and  80  per  cent,  of  ferro-manganese 
40  lb. ;  a  total  of  3,690  lb. 

Frod'uct:  Weight  of  ingots  2,953  lb.  ;  scrap  205  lb. ;  making  a  total  of  3,158  lb. 

Analysis:  Weight  of  pig  iron  charged,  8,053  lb. ;  iron  in  Canadian  ore,  (60  per 
cent.)  800  lb. ;  Alabama  iron  ore  (50  percent.)  25  lb.,  making  a  total  weight  of  iron 
chaiged  3,325  lb.  From  this  deduct  the  product  of  the  heat  3,158  lb.,  and  the  loss 
is  IC^  lb.,  or  5  per  cent.  \s  the  loss  in  the  best  open  hearth  practice  t'>  6  percent., 
it  follows  that  32|[  lb.  of  the  quantity  c<mtained  in  Ihe  ore  was  reduced  to  steel. 

Denumstratiofi :  Quantity  of  iron  charged  3,325  lb.,  6  per  cent,  on  3,3*25  lb.  is 
J 99. 5  lb.,  while  loss  as  above  is  167  lb.,  leaving  a  difierence  in  favour  of  the  Hen- 
Larson  process  of  32.5  lb. 

An  analysis  of  the  ingots  gave  carbon  0.1  Of,  phosphorus  0.316,  sulphur 
0.286,  manganese  0.316.  The  Canadian  ore  contained  2.64  per  cent,  of  sul- 
phur, which  amounts  to  13.20  lb.,  to  which  should  be  added  that  contained  EUmination  of 
in  the  pig  iron,  say  15  lb.,  making  an  aggregate  of  28.20  lb.  to  be  eliminated,  magnetic  ot^?.* 
Daring  the  greater  part  of  the  heat  sulphurous  fumes  escaped  in  large  quanti- 
ties at  the  charging  doors,  covering  them  a  dirty  brown  color,  and  through 
the  imoke  stack,  changing  the  color  of  the  escaping  gas  from  white  to  a 
brown  color.  Upon  attempting  to  draw  a  test  bar  in  the  blacksmith's  fire 
it  showed  the  characteristic  feature  of  iron  high  in  sulphur  and  cracked  to 
floch  an  extent  that  it  could  not  be  welded  up,  and  consequently  could  not  be 
4brawn  out  as  the  test  bars  usually  are. 

To  test  the  power  of  the  furnace  farther  in  the  way  of  eliminating  sul-  Third  expert' 
phnr,  the  following  experiment  was  made  :  ™«'*^- 

Furnace  charged  with  1,()00  lb.  of  ingots  from  former  boat,  2,600  lb.  pig  iron, 
1,030  lb.  wrought  scrap.  B6'J  lb.  lime,  50  lb.  fluorspar,  225  lb.  20  per  cent  spiegel 
mnd  60  lb.  80  per  cent,  ferro-manganese.  This  heat  was  run  in  the  usual  manner 
juid  gave  a  product  that  stood  all  the  usual  tests,  and  appeared  to  be  equal  to  that 
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made  upon  the  average  during  the  ordinary  run  of  the  furnace.  A  test  bar  waa 
drawn  out  in  the  blacksmith's  fire  to  a  quarter  of  an  inch  in  thickness  by  about  one 
and  one-half  inches  in  width  and  ten  inches  in  length.  It  was  turned  over  cold 
and  the  end  driven  down  solid  without  showing  a  crack.  An  analysis  of  the  piece 
gave  carbon  .111,  silicon  .041,  sulphur  .117,  phosphorus  .034  and  manganese  .920. 

^  Having   conducted  the  above  experiments  with  so  large  a  quantity  of 

The  furnace  not  sulphurous  ore  in  the  furnace  to  a  successful  termination,  it  may  be  remarked 
^*fro**^*^^^'^  that  the  furnace  under  consideration  was  not  designed  to  work  raw  ore,  either 
for  the  purpose  of  reducing  it  to  metallic  iron  or  of  eliminating  impurities, 
from  it,  but  was  designed  for  and  its  legitimate  use  is  for  the  purpose  of  con- 
verting pig  iron  into  steel.  One  of  the  reagents  used  in  the  process  of  conver- 
sion is  a  small  quantity  of  oxide  of  iron,  which  the  patentee  directs  shall  be  as 
free  from  sulphur  and  silica  as  possible.  Obviously  the  purer  the  ore  is  that  la 
used  for  this  purpose  the  better.  Since  making  this  experiment  I  have  become 
convinced  that  pig  iron  made  from  well  roasted  ore  containing  sulphur  (such  as 
was  employed  in  this  experiment)  when  properly  treated  in  a  basic  hearth  lined 
with  basic  reagents  will  produce  steel  of  an  excellent  quality.  If  the  iron 
should  contain  too  much  sulphur,  as  it  undoubtedly  would  to  be  successfully 
used  in  the  acid  process,  the  result  would  I  believe  be  satisfactory  when  th» 
basic  method  is  employed. 

The  estimated  cost  of  making  the  conversion  if  two  ten-ton  furnaces  are 

Cost  of  produc  employed  is  $7  per  ton  of  steel  ingots.    In  this  estimate  coal  is  valued  at  $2  per 

^°'  ton,  ferro-manganese  at  $6I»,  magnesia  at  $26  and  spiegel  at  $26.50.     Other 

materials  and  conditions  must  compare  favorably  with  those  prevailing  where 

iron  is  successfully  manufactured  in  the  United  States. 

I  append  herewith  analyses  of  steel  made  in  the  United  States  by  differ- 
SySToJ^^steSiJ  ®^^  manufactories,  and  also  analyses  of  ingots  made  by  the  Henderson  Steel 
'  and  Mfg.  Co.  of  Birmingham,  Alabama. 


Nashua 

plate 

Scotia  blooms 

Otis  Iron  Go.  plate 

Carbon 

Phosphorus. 

Sulphur 

Manganese. 

0.070 

0.106 

....    0.067 
0.470 

Carbon 0.060 

Phosphorus..  0.069 

Sulphur 0.027 

Manganese..   0.320 

Carbon 0.180 

Phosphorus..  0.066 

Sulphur 0.078 

Manganese..   0.510 

i 

Park  Bros. 

Henderson  Steel  &  Mfg.  Co. 

Carbon 0.110 

Phosphorus 0.033 

Sulphur 0.022 

Manganese 0.330 

No.l. 

No.  2. 

No.  3. 

Carbon 0.760 

Phosphorus..  0.050 
Manganese  . .  trace 

0.400 
0.070 
0.770 

0.120 
0.080 
0.550 

All  of  the  steel  above  referred  to  except  that  of  the  Henderson  Steel  Co^ 
was  made  by  the  acid  process  from  the  best  pig  iron  and  wrought  blooms  (or 
their  equivalent  in  other  forms  of  wrought  iron)  in  the  market,  and  it  will  be 
observed  that  the  analysis  of  the  blooms  or  ingots  made  by  the  Henderson 
Steel  Co.  from  the  phosphoric  white  pig  iron  made  of  the  fossil  ore  of  Alabama 
compares  very  favorably  with  those  made  from  the  low  phosphorus  ores  of 
the  north. 

The  Henderson  patents  number  52  and  date  back  to  the  year  1870,  at 

The  Henderson  which  time  patents  were  issued  to  him  in  England  coverinj?  the  fundamental 

patents.  features  of  the  basic  process  for  the  manufacture  of  silica  and  magnesia 

brick  and  other  refractory  materials  for  furnace  linings.     Since  that  time  h» 
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hms  received  patents  from  the  government  of  the  United  States  embodying 
claims  covering  many  details  of  the  invention  and  processes  for  the  manufac- 
tare  of  refractories. 

The  characteristic  features  of  the  basic  process  for  the  conversion  of  im- 
pure pig  iron,  scrap  or  other  wrought  iron  blooms  into  soft  steel  or  homogene- 
ous and  pure  iron  for  commercial  purposes  consist  in  its  greater  capacity 
for  recovering  impurities  by  means  of  the  basic  reagents  employed  in  the  treat- 
ment of  the  iron  in  a  basic  lined  furnace,  and  especially  the  renoval  of  the  ibe  basic  pro- 
greater  part  of  the  objectionable  silicon  as  well  as  the  phosphorus,  leaving  the 
resulting  product  more  ductile  and  flexible  than  that  made  from  better  stock 
by  the  acid  process.  The  manufacturer  therefore  derives  a  great  advantage 
from  its  use  by  being  enabled  to  use  cheaper  material  in  all  cases  to  produce 
a  required  product,  and  in  other  instances  to  convert,  iron  high  in  phosphorus, 
sulphur  and  other  impurities  into  a  commercial  article  of  good  quality  which 
cannot  now  be  done  by  any  other  method  in  practical  use. 


K. — EARLY    USE   OF   THE   MAGNETIC   SEPARATOR. 

BT   DR.    BOBKRT  BKLL,   OSfl  OF  TUK  COVMISSIONULS. 

The  sands  along  the  north  shore  of  the  gulf  of  St.  Lawrence  are  in  many 
localities  largely  mixed  with  grains  of  magnetic  iron,  forming  beds  called  Magnetic  iron 
black  sands,   interstratifying  not  only  the  ordinary  sands  of  the  present  sea  S^^Lawj^le^ 
beach  but  also  those  of  low  terraces  or  raised  beaches  above  the  present  high 
water  mark.     The  black  sands  are  particularly  abundant  about  the  mouth  of 
the  Moine  river,  and  about  the  year  1871  operations  were  begun  for  separat- 
ing and  smelting  these  magnetic  sands.     Mr.  Markland  Molson  of  Montreal 
was  the  leading  spirit  in  this  enterprise.  The  magnetic  sand  was  concentrated  ^^^etic 
by  a  separator  invented  by  a  Mr.  Larue  of  Quebec.*  It  consisted  of  a  rotator  "P*"***- 
bearing  temporary  magnets  covered  with  cloth  which  carried  the  magnetic 
particles  out  of  the  natural  mixture  as  it  was  fed  to  the  machine,  and  deposited 
them  on  the  opposite  side  of  the  wheel,  from  which  they  were  conveyed  to  the 
•melting  furnace.  This  fine  ore  was  reduced  by  charcoal  made  from  white  birch, 
which  grows  abundantly  all  along  the  valley  of  the  Moisie,  and  from  it  an 
excellent  quality  of  malleable  iron  was  mada     This  iron  was  admitted  to  be 
^well  suited  for  the  manufacture  of  the  finest  steel  for  cutlery,  and  Mr.  Molson 
endeavored  to  find  a  market  for  it  in  England,  but  failed  to  do  so  as  the  ^  ^^^^  quMiify  of 
consumers  there  were  unwiling  to  transfer  their  ordeis  from  the  Norwegian  cfaAreoai  iron 
^nd  Swedish  producers,  from  whom  they  had  b^en  so  long  accustomed  to  buy.  ^ 
^After  a  few  years  the  enterprise  was  abandoned.     The  isolated  position  of 
%he  works  was  another  serious  drawback.     All  materials  and  almost  every- 
^ing  required  for  the  support  of  the  colony  had  to  be  brought  from  a  dis- 
'tance.     The  men  and  their  families  were  all  brought  to  the  ground  for  this 
service,  and  hence  the  masters  became  dependent  upon  the  meu,  and  the  latter 
able  to  dictate  the  terms  on  which  they  would  remain. 


L.— TECHNICAL    INSTRUCTION. 

On  the  25th  of  August,  1881,  the  government  of  Great  Britain  appointed 
a  Commission  composed  of  Bernard  Samnelson,  M.P.,  F.R.S,,  Prof.  Henry 
Enfield  Roscoe,  LLD.,  Philip  Magnus,  B.A.,  John  Singe,  M.P.,  Swire  Smith 
and  William  Woodall,  M.P.,  to  enquire  into  the  instruction  of  the  industrial 
elaases  of  certain  foreign  countries  in  technical  and  other  subjects,  and  on  the 


*I>r.  Sterry  Hunt's  tnggwtion  of  a  magnetic  Separator  for  the  treatmwit  of  orM  wu 
paMkhed  in  iaG9.    See  page  346. 
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4th  of  April,  1884,  their  report  was  presented.  The  following  excerpts, 
bearing  upon  the  technical  education  of  miners  and  metallnrgists,  are  taken 
from  the  volumes  of  the  Commissioners'  report : 

NORMAL  SCHOOL  OF  SCIENCE  AND  ROYAL  SCHOOL  OF  MIMES. 

The  Commissioners  visited  the  Normal  School  at  South  Kensington,  and 
The  Normal  were  received  by  the  registrar,  General  Martin,  who  accompanied  them  over 
2t^*th  i?6n"^*  ^^®  building.  This  school,  which  was  reorganised  in  1881,  gives  sjrstematic 
4iington.  instruction  in  mathematics  and  mechanics,   physics,   chemistry,  biology  and 

botany,  geology  and  mineralogy,  agriculture,  metallurgy  and  assaying, 
elements  of  astronomical  physics,  practical  geometry  and  mechanical  and 
freehand  drawing.  Mining  is  taught  at  the  museum  of  practical  geology  in 
Jerymn  street,  but  forms  part  of  the  normal  school.  The  normal  school  is 
primarily  intended  for  the  training  of  science  teachers  and  the  instruction  of 
students  of  the  industrial  classes,  selected  by  competition  in  the  annual 
examinations  of  the  science  and  art  department ;  but  other  students  are 
admitted  on  payment  of  prescribed  fees.  The  students  may  be  (1)  occasional 
students,  and  (2)  regular  students  who  are  preparing  for  the  associateship  of 
the  school,  and  pass  through  a  prescribed  course  extending  over  three  to 
three  and  a  half  years.  The  instruction  for  the  first  two  years  for  all  the 
associate  students  is  the  same,  and  includes  mechanics  and  mathematics, 
physics,  chemistry,  elementary  geology,  astronomy,  mineralogy  and  drawing. 
The  student  then  elects  to  take  up  one  of  the  following  divisions,  to  which 
the  remainder  of  his  course  is  directed,  viz.,  for  the  title  of  Associate  of  the 
Normal  School  of  Science,  i,  Mechanics,  ii,  Physics,  iii.  Chemistry,  iv, 
Biology,  V,  Geology,  or  vi,  Agriculture  ;  and  for  title  of  Associate  of  the  Royal 
School  of  Mines  either  vii,  Metallurgy,  or  viii.  Mining.  There  are  twelve 
Exhibiiionm  exhibitions  each  of  the  value  of  £50  per  annum  tenable  at  this  school,  and 
continuing  during  the  course  of  time  (three  to  three  and  a  half  years)  neces- 
sary for  the  preparation  for  the  associateship  examinatioiL  The  exhibitioners 
have  also  free  admission  to  the  lectures  and  laboratories.  Three  or  four  are 
vacant  each  year,  and  are  competed  for  at  the  May  examinations  of  the 
science  and  art  department.  Six  free  studentships  are  also  similarly  annually 
competed  for.  These  correspond  to  the  exhibitions,  except  in  so  far  that  they 
Tree  instractiLn  carry  no  money  grant.  Free  instruction  is  likewise  given  to  local  exhibi- 
JuowaSeT"*"**  tioners,  who  hold  scholarships  of  the  value  of  J&50  per  annum,  half  of  which 
sum  is  subscribed  by  the  locality  and  half  by  the  department.  There  are  also 
royal  scholarship^^,  four  of  £15  for  first  year  students  and  two  of  £2b  for 
second  year  students.  About  fifty  science  teachers  or  students  intending  to 
become  teachers  also  receive  free  instruction,  and  in  addition  are  paid  the 
railway  fare  to  London  and  receive  a  maintenance  allowance  of  21s.  a  week 
Su«m«rtour8€8.  whilst  under  instruction.     Duriug  the   summer  vacation   short  courses  of 

lectures,  extending  over  three  weeks,  are  given  to  science  teachers,  about  200 
in  number,  who  are  aided  by  the  department  in  the  payment  of  the  expenses 
of  the  journey  to  and  residence  in  London  during  the  progress  of  the  course. 
Courses  of  popular  evening  lectures  for  workingmen  are  also  given  by  the 
professors.      The  Commissioners  first  visited   the   metallurgical   laboratory 
Labontohes.      yrhich  had  recently  been  fitted  up  in  the  basement  of  the  building.     The 
chemical  laboratories  under  the  charge  of  Prof.   Frankland  were  inspected, 
and  also  the  physical  laboratory  of  Prof.  Guthrie  and  the  physiological  labora- 
tory under  Prof.   Huxley.     The  Commissioners  had  conversations  with  the 
Methods  of         professors  on  the  system  of  science  teaching  adopted  in  the  school.     Prof. 
Ihlowticiir*^       Huxley,  the  dean  of  the  school,  explained  the  methods  of   practical  and 
taftrocUoQ.        theoretical  instruction  given  under  his  guidance  in  the  department  of  biology, 
which  includes  an  important  museum  and  a  large  collection  of  preparations 
and  diagrams  arranged  for  the  special  f>urposes  of  study.     Pure  and  applied 
geology  under  Prof.  Judd  forms  an  important  feature  of  the  science  instmo- 
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Training  of 
technical 
directors  for 
industrial 
ettabliehments. 


The  schools 
created  and 
maintained 
as  state 
institutions. 


A  present  excess 
in  the  supplj  of 
trained  men. 


High  qualiflci- 
tions  of 
industrial 
directors  and 
managers  in 
Europe. 


The  schools 
for  foremen. 


French  and 
German  schools 
for  miners. 


examination  gives  them  a 'claim  for  promotion  at  the  first  opportunity,"  and 
the  principal  officials  at  nearly  all  the  local  works  have  been  students  of  the 
school.  The  inbtruction  comprises  *'  the  whole  range  of  smelting,  paddling, 
rolling,  the  Bessemer  process,  the  Siemens-Martin  process,  and  all  machinery 
used  in  iron  and  steel  manufacture/'* 

TECHNICAL    HIGH    SCHOOLS    IN    EUROPE. 

Technical  high  schools  now  exist  in  nearly  every  continental  state,  and 
are  the  recognised  channel  for  the  instruction  of  those  who  are  intended  to 
become  the  technical  chemists  of  industrial  establishments.  Many  of  the 
technical  chemists  have  however  been  and  are  being  trained  in  the  German 
universities.  Your  Commissioners  believe  that  the  success  which  has  attended 
the  foundation  of  extensive  manufacturing  establishments,  engineering  shops 
and  other  works  on  the  continent  could  not  have  been  achieved  to  its  full 
extent  in  the  face  of  many  retarding  influences  had  it  not  been  for  the  system 
of  high  technical  instruction  in  these  schools,  for  the  facilities  for  carrying  on 
original  scientific  investigation  and  for  the  general  appreciation  of  the  value 
of  that  iiistruction  and  of  original  research  which  is  felt  in  those  countries. 
With  the  exception  of  the  Ecole  Centrale  of  Paris  all  these  schools  have  been 
created  and  are  maintained  almost  entirely  at  the  expense  of  the  several 
states,  the  fees  of  the  students  being  so  low  as  to  constitute  only  a  very 
small  proportion  of  the  total  income.  The  buildings  are  palatial,  the  labora- 
tories and  museums  are  costly  and  expensive  and  the  staff  of  professors,  who 
are  well  paid  according  to  the  continental  standard,  is  so  numerous  as  to 
admit  of  the  utmost  subdivisions  of  the  subjects  taught.  In  Germany,  as  we 
have  stated  in  a  previous  part  of  our  report,  the  attendance  at  some  of  the 
polytechnic  schools  has  recently  fallen  off,  chiefly  because  the  supply  of 
technically  trained  persons  is  in  excess  of  the  present  demand;  certainly  not 
because  it  is  held  that  the  training;  of  the  school  can  be  dispensed  with.  The 
numerous  young  Germans  and  Swiss  who  are  glad  to  find  employment  in  our 
own  manufactories  have  almost  without  exception  been  educated  in  one  or 
other  of  the  continental  polytechnic  schools.  Your  Commissioners  cannot 
repeat  too  often  that  they  have  b^en impressed  with  the  genei*al  intelligence 
and  technical  knowledge  of  the  masters  and  managers  of  industrial  estab- 
lishments on  the  continent.  They  have  found  that  these  persons  as  a  rale 
possess  a  sound  knowlc'lge  of  the  sciences  upon  which  their  industry  depends. 
They  are  familiar  with  every  new  scientific  discovery  of  importance,  and 
appreciate  its  applicability  to  their  special  industry.  They  adopt  not  only 
the  inventions  and  improvements  made  in  their  own  country,  but  also  those 
of  the  world  at  large,  thanks  to  their  knowledge  of  foreign  languages  and  of  the 
conditions  of  manufacture  prevalent  elsewhere.  The  creation  abroad  of 
technical  schools  for  boys  intending  to  become  foremen  is  of  much  more  recent 
date  than  that  of  the  polytechnic  schools.  To  this  statement  the  foundation 
during  the  first  empire  of  the  three  French  Ecoles  des  Arts  et  Metiers  at 
Chaluns,  Aix  and  Angers  is  only  an  apparent  exception,  because  they  simply 
vegetated  until  their  reorganisation  within  the  last  twenty-five  or  thirty  years. 
Mining  schools  were  however  established  in  Prussia  in  the  last  century  and  in 
France  about  1817.  Among  the  examples  of  schools  for  foremen  are  those  of 
Winterthur  in  Switzerland,  Chemnitz  in  Saxony,  and  Komotau  in  the 
Austrian  dominions,  principally  for  engineers,  and  the  Ecole  des  Mines  at 
St.  Etienne,  the  latter  more  especially  for  mining  and  metallurgy.  The 
theoretical  instruction  in  these  schools  is  similar  in  character  but  iiSerior  in 
degree  to  that  of  the  great  polytechnic  schools.  On  the  other  hand  consider- 
able attention  is  devoted  in  these  schools  to  practical  instruction  in  laboratories 
and  workshops,  which  is  not  the  case  in  the  polytechnic  schools.  .  .  .  The 
French  and  German  schools  for  miners  and  the  one  which  has  been  quite 
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recently  founded  in  WestpluJia  for  workers  in  iron  and  steel  dif^r  Itoid  the 
preceding  schools  for  foremen  inasmuch  as  they  are  reserved  for  the  theoretical 
instraction  of  men  who,  having  already  worked  practically  at  their  tradeii 
have  distinguished  themselves  by  superior  intelligence  and  good  conduct 
Host  of  the  German  schools  of  this  kind  are  founded  or  maintained  by  the 
manufacturers,  and  will,  we  feel  confident,  repay  the  trades  which  have  had 
the  foresight  and  public  spirit  to  create  them,  by  training  young  men  to 
become  foremen  and  leading:  hands,  willing  and  able  to  ^arry  out  with  intelli- 
gence the  instructions  of  their  superior  officers^* 

MIKING    SCHOOLS    IX    GERMAXT. 

In  Prussia  there  are  eleven  schools  for  miners,  containing  altogether 
between  four  and  I^tq  hundred  students.  Several  of  them  have  a  group  of  pre-  Groaps  of 
paratory  schools  in  the  district  of  which  they  are  the  centres  affiliated  to  tSSSt^^ 
them.  Thus  the  Bergschute  of  Bochum  has  ten  preparatory  schools,  one  with 
about  30  students  in  the  town  itself  and  nine  others  in  the  neighboring  towns 
and  pit  villagps  with  about  220  students,  all  of  them  pitmen  or  employed 
about  the  pits  in  some  capacity.    The  instruction  in  these  preparatory  schools  ««  tiw 

is  given  on  the  eveninj^  of  four  working  days,  except  drawing,  which  is  prvprntory 
taught  on  Sunday  mornings.  The  course  occupies  two  years  ;  the  subjects  ^^'^^^o'^ 
are  the  German  language,  arithoietic,  drawing,  elementary  physics,  and  in 
the  last  half  year  explanations  of  the  rationale  of  mine  regulations.  At 
these  preparatory  schools  the  miners  may  acquire  sufficient  elementary  g^^j^i,  i^ 
knowledge  to  he  able  to  profit  by  the  instructioa  in  the  mining  school  proper,  mining  sehoote 
The  regulations  of  nearly  all  the  German  mining  schools  require  that  the  JS^J^urw- 
students  shall  have  been  actually  employed  as  workmen  in  mines  before  they  ri^»» 
can  enter  the  school  The  S^iarbhick  demands  the  minimum  in  this  respect, 
namely,  a  full  year's  work  as  a  pitman.  The  requirements  are  greatest  at 
Boehnm.  The  rule  there  is  that  candidates  must  have  worked  four  complete 
years  in  the  pit ;  they  must  produce  certificates  that  they  are  industrious  and 
skilful,  and  that  their  conduct  is  reputable.  The  minimum  age  of  admission 
▼aries  in  difiV*rent  schools  from  17  to  21.  There  is  no  maximum  age.  In 
pfaetice  the  students  in  the  schooU  are  generally  from  20  to  25  years  of  age. 
The  candidates  have  to  satisfy  the  examiners  that  they  can  read  fluently, 
write  legibly  and  correctly  and  are  conversant  with  the  four  rules  of  arith- 
metic. Some  of  the  schools  abio  require  some  elementary  mathematics  and 
physics  and  more  or  less  of  drawing,  the  minimum  being  ability  to  make  an 
outline  drawing  of  the  usual  mining  toola  The  schools  are  generally  held 
in  government  or  municipal  buildings,  and  the  cost  of  instruction  is  defrayed 
out  of  a  general  fund  Hu^wciibed  by  the  mine^wners.  That  of  the  school  at 
Bochum  is  about  £1,500  per  annum,  and  of^  its  preparatory  schools  about 
X600. 

THI     BOCHUM     SCHOOL. 

The  Bochum  school  has  a  lower  and  an  upper  division  ;  the  former  is  a 
lialf-time  school,  the  students  continuing  to  work  in  the  mines  half  the  day.  iDxtniction  in 
The  instruction  in  this  division  occupies  two  years.  It  includes  mathematics,  «h<^apper  diri- 
mining,  mechanicsi,  drawing  and  natural  science  (physics  and  chemistry).  The 
upper  division  occupies  one  year  and  the  students  do  not  work  in  the  mines. 
It  has  two  departments,  one  for  mine  surveying,  the  other  for  mining  proper. 
The  subjects  ttught  in  the  former  are  mathematics,  surveying,  geology,  mine 
accounts,  minin;^  law  and  the  G-^rm^n  language.  Those  taught  in  the  latter 
department  are  mathem attics,  mechanics,  geology,  machine  drawing,  surveying 
mnd  mining.  It  may  be  mentioned  that  in  connection  with  the  laboratory  of 
this  school  a  separate  buildini;  has  recently  been  erected  for  carrying  on 
researches  by  a  government  commission  on  explosive  gases  and  the  condi- 
tions of  their  presence  and  explosion  in  mines.     The  Bochum  school  was  not 
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in  operation  when  we  visited  it  on  account  of  the  Whitsuntide  holidays,  but 
some  notion  may  be  formed  of  the  scope  of  the  instruction  from  that  given 
in  another  mining  school,  that  of  Zwickau  in  Saxony,  in  which  German 
includes  essays  on  mining  operations ;  mathematics  includes  quadratic  equa- 
tions and  logarithms,  geometry,  proportions  and  elementary  solid  geometry  ; 
physics  and  mechanics  include  the  properties  of  liquids  and  gases,  with 
special  practical  applications,  electricity  and  magnetism,  and  practical  exer- 
cises in  the  theory  of  falling  bodies,  the  mechanical  powers,  etc. ;  mineralogy 
and  chemistry  include  crystallography,  the  minerals  found  in  the  coal  mea- 
sures and  the  principal  ores  of  the  metals ;  mining  includes  faults,  sinking 
and  boring,  all  branches  of  the  working,  drainage  and  ventilation  of  mines 
and  the  preparation  of  minerals  at  bank,  etc. ;  and  the  instruction  in  miachine 
construction,  drawing,  etc.,  is  of  a  similar  practical  kind.  About  one-fiftb 
of  the  students  of  the  Bochum  mining  school  ultimately  rise  to  the  position 
of  mining  engineers  or  mine  managers,  and  a  few  to  that  of  managing 
directors  of  mines. 

THE     RHENISCH- WEBTFALIBCHE    H  UTT  EN  BC  H  U  LE,     BOCHUM. 

The  necessity  which  was  felt  by  the  iron  and  steel  manufacturers  of 
Ehineland  and  Westphalia  that  their  foremen  and  leading  hands  should 
possess  some  theoretical  knowledge  in  addition  to  their  practical  workshop 
experience,  and  the  satisfactory  results  of  the  establishment  of  mining  schools 
in  that  district  and  elsewhere,  have  led  to  the  creation  at  Bochum  of  a  metal- 
lurgical school  on  the  lines  of  the  mining  school  of  that  town.  With 
the  exception  of  the  mining  schools  this  is  the  only  continental  school 
having  a  complete  course  of  instruction  to  which  only  workmen  who 
have  already  had  regular  workshop  training  are  admitted,  the  candidates  being 
required,  as  in  the  case  of  the  mining  school,  to  have  worked  at  least  four 
years  in  iron  or  mechanical  engineering  works  before  they  are  admitted. 
Certiticates  of  competence  and  good  conduct  and  satisfactory  proof  of 
elementary  knowledge,  including  drawing,  are  also  demanded  as  for  the 
mining  school.  Indeed  the  regulations  generally  resemble  those  of  that 
school,  with  the  exception  that  the  whole  time  is  occupied  with  the  work  of 
the  school,  employment  in  the  works  being  for  the  time  given  up.  It  is  a 
municipal  school,  held  in  buildings  formerly  occupied  by  the  Real,  or  as  it  was 
called,  a  Gewerbeschule.  The  government  has  undertaken  to  continue  the 
subvention  of  £700  per  annum  which  it  paid  to  the  former  school ;  the 
town  and  the  manufacturers  contribute  the  rest,  the  latter  body  undertaking 
the  maintenance  of  all  or  nearlj^ll  of  the  students.  The  course  occupies  three 
half  years,  the  first  being  preparatory  and  general,  the  following  two  special 
in  two  divisions — one  for  metallurgy  and  the  other  for  machine  construction. 
The  teaching  stafif  consists  at  present  of  a  director  who  is  a  chief  engineer 
of  iron  works,  together  with  a  teacher  of  machine  construction  and  drawing, 
one  for  mathematics  and  mechanics,  one  for  physics  and  chemistry,  and  an 
assistant  master  for  the  German  language  and  accounts.  No  class  is  to  con- 
tain more  than  40  students  ;  should  this  number  be  exceeded  parallel  classes 
under  proper  teachers  will  be  formed.  Representatives  of  the  contributing 
iron  trades  take  part  with  those  of  the  government  and  the  town  in  the 
management  of  the  school.     The  time  table  is  as  follows  : 

In  the  preparatory  class  : 

Drawing •  • . . .  6  hours  weekly. 

Arithmethic  and  mathematics 8  '' 

Physics 6  *' 

Experimental  chemistry 6  '* 

The  general    principles  of   the  metallurgy  of 

iron  and  steel 7  " 

German  and  business  accounts 4  '* 
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theory  of  logarithms,   trigonometry,  analytical,  plane,   solid  and  descriptiye- 
geometry,  physics,  optics  and  chemistry,  more  especially  of  the  metalloidB  and 
metals,  besides  any  other  subjects  which  the  candidate  may  select.     It  will  be 
evident  from  the  subjects  of  examination  that  the  school  is  not  intended  for* 
working  miners.     The  instruction  is  gratuitous.     It  is  given  by  three  pro- 
fessors, and  covers  a  course  of  three  years,  the  school  year  beginning  in  October 
and  ending  in  August.     The  first  year's  course  comprises  mathematics  to  dif- 
ferential calculus,  theoretical  mechanics  and  kinematics,  physics,  chemistry, 
mineralogy,  geometry  and  surveying.     The  second  and  third  years'  courses- 
are  on  applied  mechanics,  mining,  metallurgy,  geology,  building  and  machine 
construction,   railways,    mining   legislation   and   accounts.     The  number  of 
students  varies  from  80  to  90.     The  budget  of  the  school  is  £2,000. 

The  schools  of  the  lowest  grade  are  those  for  overmen  and  deputies  of 
Schools  for  oyer-  mines,  of  which  there  are  two  in  France,  one  at  Alais  in  the  south,  and  one 
5«ro?min^?  q^ite  recently  established  at  Douai,  in  the  northern  coal  basin  ;  and  a  large 
number  in  Germany,  more  especially  in  Prussia  ;  the  earliest  of  the  German 
schools  dating  back  to  the  last  century,  and  an  interesting  example  being  the 
one  established  in  1793  at  Steben  by  Alexander  von  Humboldt,  then  twenty- 
four  years  of  age  and  mining  engineer  of  the  Franconian  principalities.  It 
will  be  convenient  to  include  under  the  same  head  the  metallurgical  school 
established  in  1882  for  foremen  and  leading  hands  of  iron  and  steel  works 
and  for  foremen  engineers  at  Bochum  in  Westphalia. 

EOOLB    DBS     MAITRBS     MINBURS. 

The  school  at  Douai  (Ecole  des  M&itres  Mineurs)  which  is  a  government 
Instruction  at  institution.  Contains  35  pupils  (20  in  1883).  The  instruction  is  gratuitous, 
SSuesMineurs.  *^6  ^^^t  of  each  student's  board  is  £20  per  annum,  and  nearly  all  the 
students  are  maintained  by  ^*  bourses "  or  scholarships,  of  which  four  are 
given  by  the  town,  four  each  by  the  d^partements  du  Nord  and  of  the  Pas 
de  Calais,  and  the  remainder  by  the  colliery  owners  of  the  district.  AH  of 
them  are  working  miners,  generally  selected  by  the  coal  proprietors.  The 
instruction,  which  is  eminently  practical,  alternates  from  three  months  to 
three  months,  with  work  in  the  mines,  and  extends  over  two  years.  At  the 
time  of  our  visit  it  had  not  been  established  long  enough  for  any  judgment 
to  be  termed  of  its  results.  The  budget  of  the  school  is  £946,  of  which  the 
payments  of  the  teaching  staff  amount  to  £532.* 

l^COLB    OBNTRALE     DES    ARTS     BT     MANUFACTURES    OF     PARIS. 

This  important  and  well-known  institution  is  designed  to  prepare 
A  private  and  students  for  the  professions  of  civil  and  mechanical  engineering,  metallurgy 
Jjj^«apportin(f  and  manufacturing  chemistry.  It  was  founded  in  the  year  1826,  chiefly 
through  the  interest  of  M.  Dumas  (whose  recent  death  science  has  to 
deplore)  and  is  essentially  a  private  and  self-supporting  establishment,  not 
receiving  any  grant  from  government,  and  depending  entirely  on  the  fees 
of  the  pupils,  thus  standing  in  striking  contrast  to  other  similar  institutions 
on  the  continent.  It  has  however  lately  been  attached  to  the  ministry  of 
agriculture  and  commerce.  The  annual  recei[)ts  amount  to  £20,640  and  the 
disbursements  to  about  £17,836,  the  difference  being  paid  over  to  the  new 
building  fund.  The  school  is  at  present  located  in  an  old  building  in  the 
Rue  des  Ooutures  St  Gervais,  totally  inadequate  to  its  needs,  but  it  is 
shortly  to  be  transferred  to  splendid  premises  about  to  be  built  near  the  Con- 
servatoire des  Arts  et  Metiers,  chiefly  at  the  government  expense,  though 
partly  also  at  that  of  the  school.  There  is  a  very  strict  entrance  e^camination 
and  great  competition  for  the  vacant  places  ;  of  the  540  candidates  who  applied 
in  the  year  1881  only  220  were  admitted.  None  of  the  students  are  bosunded 
in  the  establishment  The  regular  course  extends  over  three  years  and 
diplomas  are  given  to  the  studei»ts  at  the  end  of  the  course  after  passing  a 
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Yexj  seTere  examination  and  working  out  a  tliesia.  A  strict  Rystem  of  con- 
tinuoiis  examination  and  marking  is  carritd  out,  the  work  which  each  ^^J™J  ®' *•* 
■indent  does  being  entered  carefully  by  each  examiner  and  the  results  of  the 
whole  Uiree  years'  work  are  added  up,  the  special  grade  of  the  diploma  being 
giyen  according  to  the  result  of  this  system  of  marking.  The  first  year's 
course  consists  of  instruction  in  general  science,  without  much  applied 
■cienoe,  and  is  similar  to  that  given  in  the  Ecole  Polytechnique,  whilst  in  the 
■eoond  and  third  years  the  teaching  is  especially  directed  to  applied  science, 
and  is  similar  to  that  given  in  the  Ecole  des  Mines.  The  latter  instruction 
has  reference  to  the  practical  applications  of  each  subject.  The  student  who 
fails  to  gain  his  diploma  at  the  end  of  the  third  year  may  pass  the  examina- 
tion without  re-entering  the  school  at  any  period  within  six  years  after  leav- 
ing the  institution.  The  peculiarity  of  the  edu:»ktion  of  this  school  is  that 
the  instruction  is  much  the  same  for  all  students,  and  that  there  is  scarcely 
any  spec^'alisation  of  the  studies  in  accordance  with  the  proposed  career 
of  the  student.  The  difference  is  mainly  shown,  as  hereafter  ex- 
plained, in  the  thesis  or  *'  projet "  which  the  student  prepares  during  the 
last  year.  Each  of  the  600  students  pays  £32  per  year,  and  the  governing 
body  of  the  school  manages  the  whole  of  its  financial  and  other  concerns.  ftudMS!*  *'*^ 
There  are  30  professors  attached  to  the  institution,  the  chiefs  of  departments 
receiving  £300  {>ei  annum,  the  others  £4  for  each  hour  of  lecture.  In  addi- 
tion theie  arc  two  directors  of  studies  and  30  tutors  and  assistant  lecturers. 
The  students  on  leaving  the  school  and  after  having  gone  through  its  very  severe 
discipline  are  glad  to  get  situations  of  £72  to  £80  per  year.  The  director, 
M.  Solignac,  (whose  salary  is  £400  per  annum),  furnished  the  Commissioners 
with  a  list  of  the  present  positions  of  all  the  pupils  since  the  beginning  of 
the  school.  A  large  numl>er  of  manufacturers  send  their  sons  to  the  Ecole 
Oentrale.  One  of  the  moBt  interesting  features  in  the  system  of  education 
in  the  ^!cole  Oentrale  is  the  system  of  theses,  which  are  written  by  the  jj^  ^y***™  •t 
students  at  the  end  of  their  tliird  year.  The  courses  of  instruction  on  which  ^^ 
the  theses  are  founded  are  divided  into  mechanics,  metallurgy,  technical 
chemistry  and  engineering.  Each  student  takes  up  one  or  the  other  of  thesH 
subjecta  for  his  thes'8,  as  ho  deems  tit,  although  the  three  years'  course  of 
instmction  is  not  confined  to  any  of  these  branches  but  comprises  the  sub- 
jects of  all.  The  Commissioners  inspected  several  of  the  theses  of  the  out- 
going students  of  former  years  in  each  of  the  above  departments  and  were 
much  struck  with  the  detailed  character  of  the  work,  and  especially  with  the 
completeness  of  the  drawings.  The  students  are  allowe<I  to  work  at  home, 
bnt  have  to  produce  the  calculations,  descriptions  and  dntwings  within  one 
month  from  the  time  at  which  th(j  subject  is  given  out,  and  the  whole  work 
is  carefully  examine  J  l)y  a  c  nincil  of  professors,  the  student  being  examined 
on  the  details  of  hi.s  thesis.  Une  of  the  metallurgical  theses  which  was  ex- 
amined was  a  plan  and  estimate  for  a  blast  furnace  plant.  This  included  the 
quantity  and  composition  of  tlio  raw  material  to  be  treated,  the  chemical 
composition  of  the  ch  ir;^'j«<,  the  expLination  of  the  changes  which  take  place 
in  the  furnace,  the  cost  per  ton  of  the  pig  iron  produced,  the  price  of  the 
raw  material  being  given  ;  then  the  construction  of  the  plant,  the  hydraulic 
lifts  and  blowing  engines,  the  reservoirs,  the  engine  houses,  the  hot  blast  re- 
generating stoves,  including  a  discussion  of  the  amount  of  heat  generated  in 
the  furnace  and  regon'imted  in  the  Wliicwell  stoves.* 

THK     ECOLE    PO  LTTECH  N  IQ  L  B    OV     PARIS. 

This  is  a  government  school  with  military  discipline,  designed  primarily 
for  the  education  of  persons  to  be  employed  in  the  service  of  the  state,  and  The  BcoUdis. 
differing  in  this  respect  from  the  polytechnic  schools  of  Germany  and  Switzer-  ^^°**'  '* 
Und.  .  .  The  !l^ole  des  Mines,  Paris,  which  is  a  branch  of  the  Ecole  Poly  tech- 
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nique,  admits  students  who  ftre  not  necessarily  destined  for  government  service. 
The  Commissioners  visited  this  school  under  the  guidance  of  Pro£  Danbr^ 
the  director  of  the  institution,  and  Prof.  Friedel,  who  has  charge  of  the  cele- 
brated collection  of  minerals  in  this  s<^ool.  Two  classes  of  students  are 
admitted,  who  may  be  termed  respectively  regular  and  occasional  students. 
Practical  instruction  is  given  in  all  the  departments  relating  to  mining,  but 
especially  in  metallurgical  operations  and  chemical  analysis.  The  labora- 
tories, though  not  very  extensive,  are  well  arranged  and  well  appointed. 
The  government  students  are  admitted  from  the  polytechnic  school.  External 
pupils  have  to  pass  a  competitive  examination  and  the  successful  candidates 
are  trained  to  become  directors  of  mines  and  metallurgical  works.  The 
course  of  study  lasts  three  years,  the  instruction  is  gratuitous,  and  the  cur- 
riculum is  thoroughly  adapted  to  the  object  in  view.  The  instruction  is  of 
the  highest  kind,  and  in  some  respects  it  resembles  that  of  the  Royal  School 
of  Mines,  South  Kensington.* 

THE  POLYTECHNIC  SCHOOL  OF  DELFT. 

This  school,  founded  in  accordance  with  the  law  of  1863,  was  opened  in 

/IfoundatioD  of     1864,  at  which  time  it  contained  ninety-one  pupils.     It  replaced  the  former 

the  8c  00 .         academy,  which  at  that  date  contained  259  students,  many  of  whom  were 

transferred  to  Leyden  to  the  school  established  by  the  government  for  the 

study  of  the  language,  geography  and  ethnology  of  the  Dutch  colonies  in  the 

East  Indies.  .  .  Special  diplomas  are  given  to  engineers  and  architects  on  the 

results  of  the  annual  examinations.    Some  few  mining  engineers  are  in  receipt 

t^iviUDd  mining  of  Scholarships  to  enable  them  to  visit  German  and  other  mines,  and  after 

■•ngineers.  -.,.      having  obtained  their  diplomas  they  are  appointed  under  government  to  the 

various  mining  establishments  in  the  Dutch  Indies.  .  .  There  are  about  thirty 

students  in  the  department  of  mechanical  engineering,  but  accommodation 

has  been  provided  for  a  much  larger  number.     All  the  rooms  seemed  large 

for  the  number  of  students  present.     There  is  a  collection  of  minerals,  etc., 

for  the  mining  engineers,  and  a  small  metallurgical  laboratory  adjoins  their 

class-room.     The  department  of  civil  engineering  coi;^tains  nearly  150  students 

and  is  the  largest  in  the  school.     The  state  provides  the  means  of  obtaining 

a  year's  experience  of  practical  work.     Technologists  generally  spend  four 

years  from  the  age  of  18  to  23  at  this  school,  and  have  one  year  at  practical 

work  before  entering  it.t 

THE    ROYAL    MINING    SCHOOL   OF   FREIBERG. 

Of  the  numerous  raining  schools  of  Europe  probably  the  Royal  Saxon 
**  Bergakademie "  of  Freiberg  has  trained  the  largest  number  of  successful 
System  of  in-  miners  and  metallurgists,  and  the  title  of  M.E.  (mining  engineer)  of  that 
«c^^oi.^°  ^  ^  ^  school  is  a  guarantee  of  excellence  and  serves  as  a  recommendation  of  the 
greatest  value.  The  reason  of  this  is  obvious  when  we  know  that  the  system 
of  instruction  carried  on  here  is  a  thoroughly  practical  one,  so  that  the 
students  are  brought  into  actual  contact  with  the  operations  on  a  large  scale. 
The  object  of  this  time-honored  institution  is  to  give  a  complete  scientific 
education  both  of  a  theoretical  and  practical  character  to  young  men  intended 
for  metallurgists  or  mining  engineers.  Admission  to  the  school  for  Saxons 
and  Germans  is  made  dependent  on  having  passed  the  Maturitats  examination 
of  a  gymnasium  or  first  class  Real-school,  but  foreigners  are  received  without 
examination,  provided  they  bring  certificates  of  competence  from  some  recog- 
nised scientific  or  educational  institution,  and  this  liberality  on  the  part  of 
the  Saxon  government  has  been  largely  availed  of  by  many  distinguished 
t)our8«fl  of  English  and  American  metallurgists  and  mining  engineers.     Regular  courses 

of  study  are  laid  down,  extending  over  four  years  and  differing  according  as 


•tudy. 
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the  pupil  desires  to  follow  the  mining  or  the  metallurgical  branch  of  the  pro- 
fenion.  Higher  mathematics,  descriptive  geometry,  spherical  trigonometry, 
physics,  chemistry,  mineralogy,  geology  and  mechanical  drawing  form  the 
ground  work  of  the  studies,  to  which  are  added  in  the  second  and  succeeding 
years  the  special  subjects  of  mining  and  metallurgy  and  all  their  allied 
branches  of  science,  taught  by  lectures,  laboratory  practice,  by  working  and  fj^J^JJ^JIJi*  *^ 
soryeying  in  the  mines  and  by  practical  metallurgical  instruction  in  the 
smelting  works  of  the  Saxon  state.  The  collections  of  mineralogical  and 
geological  specimens  are  most  complete,  and  with  the  libraries  amd  museums 
of  mining  machinery  are  open  to  all  the  students  of  the  school.  Many  of  the 
professors  have  been  men  of  European  fame — Werner, Flat tner, and  now  Rich ter 
and  Weisbach,  are  names  known  to  and  honored  by  all  students  of  science. 
The  lectures  of  Richter  on  the  blow-pipe  are  unique,  and  those  of  Prof.  JjJlJltatioB!, 
Weisbach  on  mineralogy  are  most  valuable.  But  the  most  important  respect 
in  which  Freiberg  excels  is  the  practical  experience  which  the  students  can 
gain  in  the  operations  of  smelting  conducted  on  a  lar^e  scale  in  the  govern- 
ment smelting  works  (the  Miildnerhiitte  and  that  at  Halsbriicke)  as  well  as 
in  those  of  mining  by  visiting  the  neighboriDg  mines  belonging  to  the  Saxon 
gOYemment.  As  these  mines  now  yield  ore  of  only  the  poorest  quality  the 
Operations  have  to  be  conducted  with  great  care,  and  hence  offer  to  the  student 
of  mining  training  of  an  exceptional  character,  while  the  number  of  metals 
present  in  the  ore  (gold,  silver,  copper,  lead,  bismuth,  arsenic  and  antimony) 
and  worked  up  at  the  smelting  works  afford  a  no  less  valuable  one  to  fhe 
student  in  many  branches  of  metallurgy.  The  cost  of  living  in  Freiberg, 
including  the  fees  payable  to  the  academy,  need  not  exceed  J&IOO  per  annual. 
The  average  number  of  students  in  training  for  the  last  ten  years  is  :  Saxons 
and  Germans,  64  ;  foreigners,  58.  Freiberg  does  not  however  afford  practi- 
cal instruction  in  iron  mining  or  smelting  ;  the  mining  school  specially 
adapted  for  the  study  of  the  metallurgy,  of  iron  is  that  of  Leoben  in  Styria, 
under  its  veteran  head.  Prof,  von  Tunner.* 

SCHNEIDER*  CO.S  WORKS  AT  LE  CREUZOT. 

These  magnificent  works  have  been  so  frequently  described,  and  a  detailed 
account  of  them  would  occupy  so  large  a  space  in  this  report,  that  we  shall  character  of  tfe^, 
confine  ourselves  to  a  very  brief  statement  of  the  facts  bearing  in  the  most  ^orks. 
direct  manner  on  our  enquiry.     It  is  well  known  that  these  works  situated 
far  in  the  interior  of  France,  derive  a  large  portion  of  their  supplies  of  iron 
ore^for  the  production  of  iron  and  steel  of  the  most  varied  description — 
from  Algeria,   brought  through   Marseilles  from  Savoy  and   other   distant 
places,  and  that  a  considerable  part  also  of  the  fuel   used  has  to  be  brought 
from  the  coal  basin  of  St.  Etienne.     This  is  rendered  possible  by  extremely 
low  railway  rates,  less  than  three  eighths  of  a  penny  per  mile  on  iron  ores,  or 
less  than  half  of  the  average  rates  charged  in  the  United  Kingdom.     Most  of 
the  powerful  tools  used  at  Le  Creu7X)t  in  the  construction  of  ni£irine  engines, 
in  boring  large  guns  and  in  planing  armor  plates,  were  formerly  imported  by 
them  from  England,  but  within  the  last  few  years  these  tools  have  been  sup- 
plied by  works  in  the  oarst  of  France  and  in  the   French  departments  now 
annexed  to  Germany.      The    French   engineering   tools   were   formerly  ill- 
designed  and  badly  proportioned.     Now  English  models  are  followed  and  the 
execution  leaves  nothing  to  he  desired.     A  very  small  number  of  the  heads  of  Train  ing  of  for*, 
departments  are  former  students  of  the  great  Parisian  technical  schools,  several  men  for  the 
are  from  the  Ecoles  des  Arts  et  Mt^tiers  and  many,  including  nearly  all  the  f![)a'n  ded  by^t/ 
foremen,  have  received  no  other  instruction  than  that  of  the  works  and  thn  ^'°^- 
excellent  elementary  schools  founded  and  maintained  by  the  firm.     The  head 
of  the  drawing  office  is  one  of  these  latter.     The  opinion  of  Mons.  Henri 
Schneider  was  not  favorable  to  the  very  high  scientific  courses  of  the  Paris 
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schools,  except  for  men  of  remarkable  ability  and  of  the  energy  and  com- 
mon sense  necessary  to  acquire  workshop  practice  at  a  comparatively  late 
period  of  life,  and  to  avoid  a  pedantic  application  of  abstruse  theory  to 
practical  work.  His  estimate  of  the  Ecoles  des  Arts  et  Metiers,  on  the  other 
hand,  was  very  favorable.  In  several  cases  the  firm  had  sent  promising 
boys  to  those  schools,  but  the  workshop  was  held  to  be  the  true  school  for 
foremen.  In  the  elementary  schools  connected  with  the  works  and  carried  on 
at  the  expense  of  the  company  great  attention  is  given  to  geometrical  draw- 
ing, and  the  work  of  the  boys  was  surprisingly  good.  The  elements  of 
chemistry  and  physics  are  also  taught.  Night  classes  have  been  given  up, 
partly  because  the  instruction  of  the  elementaiy  day  school  was  considered 
sufficient  and  partly  in  consequence  of  difficulties  between  masters  and  men 
during  the  times  immediately  preceding  and  succeeding  the  fall  of  the 
empire.  The  dissension  which  existed  for  a  few  years  had  however  subsided 
to  a  great  extent,  and  although  the  firm  employ  large  numbers  of  miners  near 
Montceau  les-Mines,  where  there  had  lately  been  troubles,  the  Creuzot  men 
had  not  taken  any  part  in  them.''^ 

TECHNICAL    SCHOOLS    IN    THE    UNITED    STATES. 

The  following  extracts  are  made  from  the  report  made  to  the  British 
Royal  Commissioners  by  William  Mather,  who  at  their  request  visited  the 
United  States  and  Canada  in  1883,  and  reported  on  the  subject  of  technical 
instruction  : 

SCHOOL  OF  MINES,  COLUMBIA  COLLKOB. 

•  The  main  object  of  this  excellent  school  is  to  train  students  to  become 
professors  in  colleges ;  also  consulting,  mining  and  civil  engineers.  It  is 
however  largely  used  by  those  who  intend  to  pursue  mechanical  engineering 
in  practice,  such  as  the  sons  of  manufacturers  and  machine  constructors,  and 
young  men  who  desire  to  fit  themselves  for  the  leading  positions  in  the  great 
industries  of  the  country.  All  the  appliances  are  admirable,  whether  in  class- 
rooms, laboratories  or  workshops.  This  school  is  distinguished  for  the  emi- 
nence of  its  professors  and  instructors,  the  liberality  of  its  trustees  and  sup- 
porters, the  completeness  of  its  permanent  appliances  and  the  simplicity  com- 
bined with  elegance  of  its  buildings.  The  spirit  of  the  college  is  that  of 
cheerful  and  intense  activity  in  all  departments  I  confined  my  inspection 
to  the  technical  schools.  The  school  of  mines  consists  of  a  largo  block  of 
buildings  in  which  besides  class  room  accommodation  are  the  laboratories, 
shops  and  apparatus.  Its  system  of  instruction  covers  mining  engineering, 
metallurgy,  civil  engineering,  geology,  analytical  and  applied  chemistry  and 
architecture.  The  students  are  required  to  be  17  years  old  and  to  pass  an 
examination  before  entering  the  school,  including,  besides  the  ordinary  studies 
of  the  high  school  course  in  the  highest  grades,  simple  mathematics,  elementary 
physics  and  freehand  drawing.  The  complete  course  extends  over  four  years. 
The  mining  appliances  are  operative,  and  students  conduct  every  process 
from  the  crushing  of  the  ores  to  the  assaying  of  the  metal  The 
precious  ores  are  chiefly  treated,  but  general  mining  is  thoroughly 
taught  as  a  science.  In  civil  engineering  and  surveying  the  method 
of  instruction  is  very  thorough.  Field  work  enters  largely  into  the 
occupations.  Mechanical  drawing  is  taught  in  all  the  stages  up  to  machine 
designing.  Hydraulic  and  mechanical  engineering  are  studied  in  connection 
with  the  mining  and  civil  engineering  courses.  Students  in  mechanical 
engineering  especially  have  facilities  for  practice  with  tools  in  the  shops. 
Boilers,  steam  engines,  pumps  and  appliances  for  testing  the  strength  of 
materials  form  part  of  the  plant  of  the  school.  Chemical  laboratories  for 
qualitative  and  quantitative  analysis  are  well  equipped.  .  .  A  very  important 


*  Report  on  Technical  loBtruction,  toL  i,  pp.  266-7. 
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students  upon  scientific  principles,  through  all  the  practical  operations  of* 
deoM^e^       metallurgy  to  the  final  extraction  of  the  pure  metal.     Crashing,  smelting^ 
reducing,  refining,  assaying  are   all  gone    through  in   proper  order.     The 
physical  laboratory  is  a  very  complete  department,  with  every  variety  of 
apparatus,  most  of  which  however  may  be  regarded  as  a  museum  of  philo- 
sophical  instruments,   inasmuch  as  the  practical  work  is   done  by  simple 
apparatus  designed  for  the  purpose  by  the  professor  and  students.     Oencoral 
physics,  optics,  acoustics,  applied  mechanics,  electricity,  hydraulics,  history  of 
the  physical  sciences,  physical  research,  astronomy,  etc.,  with  the  requisite 
fourlwS'  ****  mathematical  instruction,  form  the  subjects  of  a  four  years'  tuition.     The 
oourae.  mechanical  engineering  department  consists  of  suitable  accommodation  for 

lectures  and  mechanical  drawing,  allied  with  which  are  the  chemical  labora- 
•nSMrin*        tory  courses  and  physical  laboratory  instruction  in  steam,  steam  engines, 
dynamics,  hydraulics,  metallurgy  and  msM^hine  construction.     The  workshopa 
are  built  some  distance  away  from  the  main  block.     They  are  new  and  are 
fitted  with  appliances  for  machine  construction,  carpentry  and  pattem-mak- 
ops.        ^^  ,  moulding  shop  and  cupola,  tools,  lathes ;  planing  and  shaping  and  drilling 
machines ;    forges,   with  all  blacksmiths'  tools ;    fitting   shops,   with    vises, 
benches  and  hand  tools.     The  work  done  consists  in  forming  objects  neces- 
sary for  the  construction  of  machines.     No  machines  are  made  complete. 
This  department  is  very  practioally  arranged,  and  is  ej£cient  for  the  purpose 
of  teaching  the  dexterous  use  of  all  tools  for  each  branch  of  the  mechanic  arts. 
There  is  a  department  adjoining  for  testing  the  strength  of  materials  of  all 
kinds  used  in  buildings   and  machine  construction.     The  whole   place    is 
worked  by  steam-boilers  and  engines,  upon  which  the  students  practice  for 
instruction  in  economy  and  use  of  steam.     The  practical  lessons  are  given  for 
three  hours  on  two  days  in  each  week.     These  shops  are  used  constantly  both 
by  scientific  students  who  are  going  through  the  whole  course  as  well  as  by 
the  students  in  mechanic  arts  who  spend  only  two  years  here.     The  fees  are 
£40  per  annum.     The  school  has  £63,000  sunk  in  land  and  buildings,  with> 
out  apparatus.     There  is  a  fund  of  £30,000  from  the  "  Grant  of  lands  for  the 
the  school.         tormation  of  agricultural  colleges  and  schools  of  mechanic  arts "  in  Massa- 
chusetts.    One-third  of  the  interest  of  this  sum  is  devoted  to  the  "  mechanic 
arts "  department  of  the  school     This  institution  worthily  enjoys  a  high 
reputation  in  America.     Its  graduates  enter  into  the  scientific  professions 
and  the  engineering,  mining  and  manufacturing  industries  without  difi&culty 
fuinoM  for  the    or  delay.     I  have  experienced  this  in  the  far  west,  among  the  mines,  on  rail- 
graduates.         ro2^6.  works,  in  machine  shops  and  in  the  textile  manufactories.     Although 
the  course  of  instruction  extends  to  the  higher  branches  of  science,  the  prac- 
tical application  of  knowledge  is  carried  through  each  course  by  numerous 
experimental  operations  showing  cause  and  effect.     The  whole  spirit  of  the 
institution  appears  to  create  a  connection  between  its  work  and  the  larger 
operations  which  the  graduates  will  have  to  encounter  in  their  future  careers.^ 

SHEFFIELD    SOIENTIFIO     SCHOOL    OF     TALE    OOLLXQE. 

This  was  formerly  the  chemical  laboratory  of  Yale  college,  but  owing  to 

A  school  for  the  the  gifts  of  Mr.  J.  E.  Sheffield  of  £100,000  and  the  land  grant  it  has  become 

■dence&  ^'  *^*   *  Bchool  for  the  diffusion  of  the  sciences  and  for  the  training  of  young  men  for 

such  pursuits  as  require  proficiency   in  mathematics,   physics  and   natural 

Courses  of  study.  Science.     The  courses  of  study  most  commonly  followed  are  chemistry,  civil 

engineering,   mechanical  engineering,  agriculture,  natural  history,  biology 

and  preparatory  studies  for  mining  and  metallurgy.      The  laboratories  are 

supplied  with  every  requisite  for  thorough  experimental  illustration,  but  no 

workshops  are  provided.     The  civil  engineering  course  includes  field  work 

and  practice.     The  mechanical  engineering  is  taught  by  lectures  and  by  a 

very  thorough  mechanical  drawing  course  which  is  made  to  partake  of  the 

*  Vol.  II,  Appendix  p.  28. 
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duuracter  of  the  drawing  department  of  an  engineering  works.  It  is 
eminently  practical.  Professor  Brush,  the  eminent  principal,  kindly  devoted 
oonsiderable  time  to  the  object  of  my  visit  and  explained  minutely  the  methods 
of  inatruction.  The  absence  of  manual  work  in  this  school  gives  a  theoretical  a  substitute  for 
tone  to  the  instruction.  Provision  is  made  however  for  frequent  visits  of  the  ™*°"*  ^**'  * 
stadents  to  surrounding  works.  There  are  large  collections  of  models,  a 
technical  library,  and  the  museum  and  library  of  Yale  college  are  open  to  the 
•indents.  The  noble  benefactor  of  this  school  left  another  £100,000  on  his 
decease.  With  further  additions  and  extensions  this  institution  will  prob- 
ably be  made  as  complete  as  any  in  America  as  a  technological  school,  with- 
out impairing  its  high  character  as  a  school  of  pure  science  and  original 
research.     The  tuition  fee  is  £30  per  annum.     There  are  207  students.* 

WORCESTER     KREB     SCHOOL,    MA88ACHU8ETTB. 

This  technical  schobl  is  especially  designed  and  conducted  to  impart  a 
thorough  knowledge  of  the  theory  and  practice  of  mechanical  engineering.  Purpose  of  the 
There  are  255  students.      The  tuition  is  entirely  free  to  students  of  Worces-  *^^^^' 
tor  county  in  the  state  of  Massachusetts.     The  building  is  admirably  adapted 
to  its  purpose.     Olass-rooms  and  works-bops  are  conveniently  near,  and  the  trainincr. 
whole  plan  of  the  school  is  compact  and  commodious.    The  course  of  training 
extends  over  three  and  a  half  years.      The  students  are  divided  into  two  sec- 
tions, the   ordinary  undergraduate  and  the  apprentice  class.      The  former 
paases  through  the   theoretical  and  practical  instruction  with  the  object  of 
obtaining  general  knowledge  of  the  science  of   mechanical  engineering ;  the 
latter  is  supposed  to  learn  a  trade  and  to  this  end  devotes  39  hours  of  each 
week  to  workshop  practice.     All  students  in  the  first  year  have  to  give  a  large 
proportion  of  their  time  to  the  shops.     Later  on  shop  practice  decreases  for 
the  regular  undergraduates.     In  the  shops  a  certain  number  of  skilled  work- 
men are  employed  and  they  are  engaged  in  manufacturing  machines  for  sale. 
The  students  therefore  work  on  actual   machines  in  course  of  construction, 
with  the  intention  of  becoming  competent  mechanics  while  studying  the 
theory  of  the  profession.     This  school  must  be  a  great  boon  to  the  sons  of 
working  men  who  can  afford  to  support  them  during  the  training  period. 
The  boys  may  not  become  highly  skilled  workmen,   but  entering  at  16  and 
leaving  at  19  they  would  go  into  engineering  establishments  as  draughtsmen^ 
or  better  as  workmen,  and  obtain  very  rapidly  all  the  larger  practice  to  enable 
them  to  become  excellent  foremen.     No  student  is  accepted  as  an  apprentice 
who  is  not  actually  of  mechanical  tastes  and  ability.      As  giving  an  op[)or- 
tunity  to  the  sons  of  the  poorer  classes  to  obtain  a  mechanical  training,  this 
is  the  best  school  I  have  seen  in  America.      Dr.   Fuller  is  the  able  principal, 
and  he  is  enthusiastic  in  his  work.t 

WASHINGTON     UNIVERSITY,     ST,     LOCIS. 

As  St.  Ix)uis  has  led  the  movement  in  the  direction  of  kindergarten,  so 
in  connection  with  technical  education  this  city  has  determined  to  pr^ve  that  »pj,g  manual 
an  intellectual  training  of  the  mind  for  any  career  is  greatly  assisted  by  training  schooL 
manual  exerciHCs  as  part  of  a  collegiate  course.      One  department  of  the 
university  is  devoted  to  manual  training.      The  complete  collegiate  course  of 
study  in  the  university  is  varied  only  to  the  extent  necessary  to  enable  those 
students  who  may  desire  to  do  so  to  spend  a  few  hours  per  week  in  manual 
occupations.     A  commodious  building  contains   carpentry,   blacksmith,  turn- 
ing  and  titting  shops,  well  appointed  with  all  the  ordinary  appliances  for  prac-  for  practical 
tical  work.     A  boiler  and  steam-engine  supply  the  power.     The  opportunity  ^^^J- 
afforded  by  this  school  for  technical  training  is  generally  sought  by  those  who 
intend  to  follow  mechanical  [pursuits.     The  workshop  practice  is  excellent,  and 
18  taught  by  able  instructors  in  each  department.      From  four  to  six  hours 

•  Vol.  II,  Appendix  p.  30.    f  lb.,  p.  30. 
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per  we^k  throu<;hout  the  four  years'  course  in  the  coUe^^e  are  given  to  shop 
metjSfenrr  practice.  Mining  and  metallurgy  are  taught  by  the  aid  of  complete  labora- 
tories and  a  large  collection  of  specimens.  A  graduate  of  the  school  of  mines, 
Columbia  college,  is  «at  the  head  of  this  department.  I  saw  some  forgings 
made  by  boys  17  years  old  which  surprised  me,  and  testified  to  the  workman- 
like training  given  in  manual  dexterity.  The  drawing  classes  are  well  con- 
ducted and  the  physical  science  exercises  form  a  special  feature  in  the  course 
Coane  and  fees,  of  studies.  The  fees  are  £20  per  annum.  The  manual  training  school  course 
taken  alone  is  divided  between  the  workshop  and  the  classrooms.  The  stu- 
dents may  enter  at  14  years  old,  and  only  require  a  knowledge  of  arithmetic, 
geography,  spelling  and  writing.  The  fees  are  £6  per  term  in  the  first  year, 
£S  in  the  second  year  and  £10  in  the  third  year.  Each  term  has  20  weeks.  All 
the  shop  work  is  disciplinary.  Special  trades  are-  not  taught  and  no  articles 
are  made  for  sale.  The  work  appeared  to  be  well,-  rapidly  and  accurately 
executed.  Dr.  Woodward,  the  earnest  and  able  principal  of  the  school,  has 
made  industrial  training  a  special  subject  of  investigation  and  experiment. 
To  him  is  due  this  excellent  institution,  the  benefit  of  which  has  already  been 
felt  in  encouraging  the  starting  of  such  schools  elsewhere."* 

CALIFORNIA  SCHOOL  OF  AORIOULTUBB  AND  MECHANIC  ABT8. 

This  is  one  of  the  most  important  schools  of  practical  science  in  America. 
Opgortanities  of  It  is  attached  to  the  university  and  its  students  enjoy  the  benefits  of  a  splen- 
did library  of  20,000  volumes,  as  also  of  a  museum  with  a  rare  collection  of 
specimens  of  minerals  and  natural  history  objects.  The  tuition  is  entirely 
free  for  both  sexes  through  the  university  course,  giving  ample  opportuntity 
for  higher  education  to  all  classes  in  the  community.  The  situation  of  the 
university  is  beautiful,  and  all  the  surroundings  are  conducive  to  study  and 
refinement  of  character.  The  technical  school  has  for  its  chief  aim  the  train- 
Chief  aim  of  the  ^8  ^^  engineers  and  miners  as  well  as  agriculturists.  Hydraulic  engineer- 
iechnioai course,  ing,  which  forms  SO  large  a  part  of  mining  qualifications  in  California,  is 
prominent  in  the  curriculum  of  the  school.  The  operations  in  mining  are 
illustrated  by  an  operating  plant,  small  but  efficient.  The  workshop  practice 
in  mechanical  engineering  is  given  by  the  use  of  suitable  tools.  Drawing 
is  taught  through  all  the  elementary  stages,  and  finally  in  the  last  year  is 
applied  directly  to  original  design  and  construction  in  civil,  hydraulic  and 
mechanical  engineering.  The  chemical  laboratories  for  qualitative  and  quan- 
titative work  and  the  laboratory  for  metallurgy  and  mineralogy  are  well 
appointed.  The  professors  of  this  school  are  men  who  have  acquired  eminence 
in  America.  I  was  particularly  pleased  with  the  views  of  some  of  these  gen- 
tlemen as  to  the  importance  of  their  instruction  in  its  relation  to  the  indus- 
tries of  California.  Students  are  admitted  at  16  years  of  age  after  passing 
examination.  It  was  pointed  out  to  me  that  young  men  came  from  the  mines 
to  study  special  subjects,  and  facilities  were  given  to  such  students  who  could 
only  remain  a  comparatively  short  period.  The  university  has  an  income 
from  the  state  of  £20,000  a  year.  The  value  of  grounds,  buildings  and  appar- 
atus is  £16 1.000.  t 

.   INFLUENCE  OF  TECHNICAL  INSTRUCTION. 

There  can  be  no  doubt  that  America  owes  much  already  to  the  schools 
Practical  bene-  which  exist  for  technical  education,  though  not  actually  helping  the  artisan 
SaitnwSlS*^^  class.  Many  hundreds  of  young  men  have  been  furnished  from  these  sources 
for  the  superintendence  of  railway  works,  mining  operations,  machine  shops 
and  the  textile  industries,  besides  chemical  works,  glass  manufactories,  build- 
ing operations,  agriculture,  etc.  1  have  met  in  almost  all  the  manufactories 
I  have  visited — from  mining,  iron  and  steel  manufacturing,  through  all  the 
mechanic  arts  up  to  watchmaking  and  sewing-machine  manufacturing — 
evidences  of  the  influence  of  the  technical  school.^ 

•  Vol.  II,  Appendix  p.  81.    f  lb.,  p.  33.    t  lb.,  p.  46. 
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On  the  practical  utility  of  technical  instruction  and  the  character  of  such 
inBtmction  many  valualile  Bue^^stions  will  be  found  in  the  evidence  of  Sir  other tatti- 
Lowthian  Dell,  Dr.  0.  W.  Siemens,  M.  W.  Peace,  Professor  Huxley,  Albert 
A.  Jowett,  Professor  J.  V.  Jones  and  Professor  Josiah  P.  Cook  in  the  third 
▼olume  of  the  British  Commissioners'  report. 

THE      MICHIGAN     MINING    SCHOOL. 

Mr.  Merritt,  one  of  the  Commissioners,  visited  the  Michigan  mining 
school  at  Houghton,  in  the  upper  peninsula,  in  August,  1888,  and  has  made 
the  following  roport  upon  it : 

The  school  was  Of>ened  on  September  loth,    1886.     A  student  for  admis- 
sion must  present  evidence  of  having  graduated  at  a  high  school  or  academy  Entrance  quaii- 
of  good  standing  or  he  must  pass  an  examination  qualifying  in  arithmetic,        ^^ 
slgebra,  book-keeping,  plane  geometry,  physics  and  the  elements  of  astronomy. 
Anyone  may  attend  a  separate  lecture  or  course  of  lectures  without  examina- 
tion.    The  whole  instruction  is  free  to  residents  of  Michigan,  the  student 
merely  paying  for  material  used.     The  object  of  the  school  as  designed  by  9^^^  ***• 
the  legislature  of  the  state,  which  supports  it,  is  generally  understood  to  be 
to  tarn  out  practical  assay ers,  surveyors  and  draughtsmen,  not  to  be  a  higher 
scientific  class  of  mining  kcIiooI  like  Columbia  college,  but  eminently  practi- 
•esl  in  the  above  mentioned  subjects.     By  reference  to  the  course  of  studies 
it  will  be  seen  that  surveying  in   particular  appears  to  be  very  thoroughly 
provided  for.    Instruction  was  at  firat  arranged   for  a  two  y  ~~  '  ''ourse,  but 
s  three  years*  course  is  now  being  arranged  for.     It  was  thought  that  by 
making  the  school  free  more  local  men,  who  could  not  otlierwise  afford  it, 
would  go  in  for  a  mining  training  and  would  be  capable  of  assaying  iron  and 
other  ores  found  in  the  state,  and   which  are  being  tested  all  the  time  at  the 
mines,  and  enable  them  to  do  the  surveying  and  mapping  required  at  the 
mines.     Previous  to  the  establishment  of  the  mining  school  a  less  thorough 
coarse  in  the  same  direction  was  given  at  the  state  university  :  this  has  now 
been  discontinued,  but  the  mining  school  is  classed  as  one  of  the  departments  oiaUonof  fife 
ol  the  university.     The  local  mining  men,  though  not  all  agreed  as  to  the  "chooL 
»ty  of  the  school,  have  shown  practical  appreciation  of  it  in  that  there 
now  the  sons  of  four  local  mining  captains  at  the  school.     The  collection 
and  classitication  of  a  typical  set  of  the  minerals  which  occur  in  the  state  a  coiieotion  of 
snd  the  procuring  and  preservation  of  all  statistics,  scientific  and  other  in-  mens.    "^^^^ 
formation,  regarding  the  mineral  resources  of  the   upper  .peninsula,  and  all 
important  discoveries  and  improvements  in  developing  the  same,  are  made  part 
of  the  duty  of  this  mining  school,  which  must  provide  for  a  full  report  on 
the  same  each  year  from  one  or  more  of  the  p  jrsons  engaged  as  teachers. 
The  school  is  managed  by  a  board  of  control  of  six  persons  appointed  by  the 
ffOYernor  of  the  state.     The  subjects  of  instruction  are  mathematics,  draw- S"W«c*«  of  in- 
ing,  surveying,  mining  and  mining  engineering,  ore  dressing,  physics,  mechan- 
ics and  engineering,  meohatiicjil  eugin^iering,  chemistry,  assaying,  metallurgy, 
crystallography,  min -ralogy,  petrography,  geology  and  economic  geology.     A 
'Clause  provides  that  every  facility  pos.Hil)le  will  be  given  to  special  students   '^^^^^  '  ^  * 
who  desire  to  pursue  some  subject  taught  in  the  school,  and  by  this  provision 
it  is  hoi»ed  to  aid  practical  miners  who  have  but  limited  time ;  no  arrange- 
ment however  has  been  made  for  any  special  course  to  practical  miners  or 
prospectors,  but  they  can  attend  any  of  the  regular  lectures  they  please.  The  BaUdingt  and 
state  has  appropriated  $2o,000  so  far  to  meet  running  expenses  of  the  school  ^°^ 

for  the  past  two  years  and  $75,000  for  a  building.     At  present  quarters  are 
found  wherever  obtainable  for  lecture  rooms  and  laboratories,  such  as  in  the 
fire  hall,  rink,  etc.     The  practical  work,  which  is  facilitated  by  proximity  to  LectarMand 
the  mines,  consists    of  compulsory  work  for  six  weeks  in  mines,  mills   or  ^'^       ^^ 
•melting  works  and  two  weeks  mining  surveying  in  the  mines.     There  are 
«lso  Yolontary  visits  to  the  mines,  mills  or  copper  smelting  works  on  Satur- 
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days  during  the  third  year,  in  addition  to  which  there  are  lectures  on  minings 
etc.,  with  laboratory  work  2  hours  per  week  for  18  weeks,  and  17  hours  per 
week  for  4  weeks ;  on  metallurgy  and  assaying,  3  hours  per  week  for  4  weeka 
and  18  hours  per  week  for  18  weeks  ;  and  field  and  mining  geology,  5  houra 
per  week  for  4  weeks.   There  are  at  present  three  professors  and  29  students, 
including  7  special  students ;  but  the  number  of  professors  is  about  to  be 
increased  to  five,  and  it  is  expected  there  will  be  50  students  in  1889.     The 
professor  in  mining  and  engineering,  R.  M.  Edwards,  E.  M.,  graduate  of  the 
Columbia  school   of  mines,  thinks  that  the  chief  advantage  to  a  boy  studying^ 
mining  here  is  that  he  is  in   a  mining  atmosphere  and  hears  mining  talked 
on  all  sides,  while  at  the  Columbia  mining  school  be  only  meets  mining  men 
as  a  rule  when  on  the  mining  trip  which  is  part  of  the  course.     At  Houghton 
he  considers  that  a  boy  insensibly  picks  up  mining  information  all  the  time. 
It  is  ako  an  advantage  to  be  able  to  take  the  students  out  on  Saturday  to  the 
mines  during  lectures.     Mr.  Edwards  considers  that  a  scientific  course  of 
training  is  essential  as  a  foundation  to  mining  and  metallurgy.     In  a  country 
where  there  was  not  a  great  deal  of  developed  mining  he  believes  it  would  be 
the  better  course  to  have  the  mining  school  attached  to  some  established 
university  than  to  attempt  to  start  a  separate  school  where  there  was  some 
mining   being  carried   on,  provided   always   that   there  are   visits   to  min- 
ing districts  and  working  mines  attached  to  the  course  as  an  essential  part  of 
it.     The  mininfi^  schools  in  New  York  and  in  St  Louis  are  considered  the 
best  in  the  United  States.     The  former  has  one  compulsory  sojourn  of  six 
weeks  at  mines  during  a  four  months  vacation  following  the  third  vear,  the 
course  being  four  years.     The  mines  chosen  are  either  the  lake  Superior  or 
the  Pennsylvania  coal  regions.  The  St  Louis  university  compels  three  trips  to 
and  sojourns  at  mining  regions  during  the  course.     The  cost  to  the  student  of 
the  Columbia  school  trip  is  from  $60  to  $100  as  a  rule.     The  board  is  gener- 
ally about  $8  a  week  at  the  mining  centres  to  the  students.     A  professor  and 
two  or  three  assistants  usually  accompany  them.     The  director  of  the  mining 
school,  Mr.  Wadsworth,  was  absent  at  the  time  of  my  visit,  but  I  received 
every   courtesy  and  assistance  in  my   application  for  information  from  the 
treasurer,    the  secretary  and  Professor  Edwards,  and  they  expressed  them- 
selves ready  and  willing  to  give  any  further  information  by  letter  should  yon 
desire  to  apply  to  them.     In  conclusion  I  might  say  that  the  chief  difficulty 
in  arranging  a  course  in  a  school  of  minea  seems  to  lie  in  the  fact  that  the 
first  desire  is  for  students  thoroughly  grounded  in  the  elements  of  science, 
which   is  essential,  but  that  it  is  found  impossible  to  get  a  supply  of  the 
proper  material,  so  that  it  becomes  necessary  to  model  all  the  first  part  of  a 
mining  and  metallurgical  course  upon  a  school  for  scientific  instruction,  and 
after  that  is  given  to  proceed   with  the  practical  mining  and  metallurgical 
studies.     The  course  at  the  largest  German  and  American  schools  of  mines  ia 
four  years  owing  to  this  fact. 

Albert  Williams,  jr.,  of  the  United  States  g<^ological  survey,  was  the 
first  principal  of  the  Houghton  school,  and  in  December,  1888,  that  gentle- 
man famished  Ihe  Secretary  of  the  Commission  with  the  following  statement 
respecting  it : 

The  Houghton  school  of  mines  was  established  as  a  strictly  practical 
mining  school,  the  aim  of  whiqh  was  to  give  instruction  to  the  sons  of  miners 
and  others  who  wished  to  qualify  themselves  for  actual  work  as  survey ors» 
assayers,  draughtsmen  and  general-utility  men.  The  work  of  a  mining  super- 
intendent requires  experience,  and  the  man  to  fill  it  must  work  up  to  it  ;  he 
cannot  hope  to  step  out  of  a  school  into  the  office.  Three  professors  were 
appointed  when  the  institution  opened,  the  first  of  whom  had  the  depart- 
ments of  geology,  mineralogy  and  mining  engineering,  the  second  had  mathe- 
matics and  drawing,  and  the  third  had  chemistry  and  assaying.     A  year's 
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laboratory.  Has  prominent  summer  schools  in  surveying  (required),  in 
mechanical  engineering  (voluntary),  in  practical  mining  (required).  Students 
enter  at  eighteen  years.  The  course  is  four  years  with  degree  of  E.]Vi» 
After  a  year's  additional  study,  Ph.  D.  Mining  laboratory  contains  sample 
grinder,  three-rockbreakers,  rolls,  jigs,  three-stamp  battery,  amalgamated 
plates,  Frue  vanner,  €ro]den  Gate  concentrator,  Imlay  vanner,  amalgamating- 
pan,  settler,  lixiviation  tubs,  calcining  reverberatory  furnace  and  pot  furnaces. 
About  one  hundred  hours  devoted  to  mining  laboratory.  Summer  schools  i 
End  of  the  first  and  three  years,  memoirs  required.  The  same  summer  school 
for  study  of  mechanical  engineering  in  machine  shops,  voluntary.  End  of 
the  third  year,  summer  school  for  systematic  study  of  practical  mining  and 
underground  surveying  for  six  weeks,  required.  End  of  fourth  year,  pi*ac- 
tical  work  in  machine  design  contemplated. 

Lafayette  College  includes  the  Pardee  scientific  department  which  offers 
6ve  courses,  one  of  which  is  minins;  engineering.  It  has  a  professor  of 
mining  and  graphics.  It  gives  practice  in  mine  surveying  during  the  term, 
and  is  near  mines  and  metallurgical  works  which  the  students  have  the  oppor- 
tunity of  visiting.  Entering  age  not  specified.  The  course  is  four  years 
with  the  degree  of  E.M.  Students  in  the  junior  year  are  required  to  spend 
several  days  at  the  mines  at  mine  surveying,  and  to  write  a  memoir  upon 
observed  mining  operations  ;  and  in  the  senior  year  one  or  more  memoira 
are  required  on  metallurgical  processes  as  a  result  of  investigations  at  the 
works. 

Lehigh  University  has  a  separate  school  of  technology  with  four 
engineering  courses.  One  of  them  is  mining  and  metallurgy.  It  has  a  pro- 
fessor of  mineralogy  and  metallurgy,  and  a  professor  of  geology  and  mining. 
Mine  surveying  is  taught  in  mines  during  the  term.  Entrance  age,  sixteen 
years.  Course,  five  years.  At  the  end  of  the  fourth  year  the  degree  given 
is  B.S.  At  the  end  of  the  fifth  year  the  degree  is  E.M.  Opportunity  for 
local  excursions  throughout  the  school  year.  A  practical  'course  in  mine 
surveying  is  given  for  three  or  four  days  during  the  term,  fourth  year. 

Massachusetts  Institute  of  Technology  is  a  school  of  technology  with 
nine  courses.  One  of  them  is  a  course  in  mining  engineering,  which  can  be 
taken  with  either  the  engineering,  the  geology  or  the  metallurgy  more  pro> 
nounced.  Has  a  professor  of  mining  and  metallurgy,  also  an  instructor  Iq 
mining  and  metallurgy  and  two  lecturers  in  metallurgy.  Has  a  prominent 
mining  laboratory.  Has  voluntary  summer  school.  Students  enter  at 
seventeen.  The  course  is  four  years.  Dogree  of  B.S.  Mining  laboratory 
contains  sample -grinder,  rock-breaker,  rolls,  sizing  sieves,  separ.ttor,  jigs, 
convex  buddle,  three-stamp  battery,  amalgamated  plates,  Frue  vanner,  four 
amalgamating-pans,  settler,  ball-grinder  and  amalgamator,  four  Morrell  auto- 
matic agate  mortars,  two  sets  lixiviating  tubs,  40  gallons  and  8  gallona 
respectively,  dynamos  for  depositing,  lead-sraelting,  reverbenitory  water- 
jacket  cupola,  melting-kettle,  cupellation-furnace  and  heat-recuperative  fur- 
nace combined,  copper  refinery,  calcining  reverberaories  for  200-pound  and 
for  20-pound  charges  respectively,  pot  furnaces,  roasting-kiln,  forge.  Fifteen 
weeks  of  eight  hours  each  and  fifteen  weeks  of  twelve  h  ^  irs  each  devoted  to 
mining  laboratory.  Summer  school  :  At  the  end  of  th  third  or  fourth  year 
examinations  of  mines  and  works,  for  three  weeks,     j^   tendance  voluntary. 

McGill  University  has  a  separate  school  of  applied  science  with  four 
distinct  departments.  One  of  them  is  mining  engineering.  It  has  a  pro- 
fessor of  chemistry  and  lecturer  on  assaying  and  mining.  The  entrance  age 
is  usually  sixteen  or  seventeen  years.  Frequent  geological  excursions  are 
made.  The  course  is  four  years  with  degree  of  B.  A.Sc.  Aft^r  three  years 
more  the  degree  of  M.ASc.,  Master  of  Applied  Science. 
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Towne  fdentiflc 
•ohool  in  tho 
Penniylvania 
tiaivenity. 


Ifiniiig  course 
at  WlMoniin 
univeraity. 


Polytechnic 
school  in  St. 
Louis  univer- 
•ity. 


Other  schools 
in  Amerioa. 


Science  college 
at  Birmingham, 
England. 


Owens  college, 

Manchvter, 

England. 


Swedish  school 
of  mines  at 
Stockholm. 


University  of  Pennsylvania  includes  the  Towne  scientific  school,  with 
five  courses,  one  of  which  is  in  metallurgy  and  mining.  It  has  a  professor 
emeritus  of  geology  and  mining,  a  professor  of  metallurgy  and  mineralogy, 
and  a  lecturer  on  geology  and  mining.  A  mining  laboratory  is  contemplated. 
There  is  a  summer  school  in  mf'iie  surveying ;  there  are  also  geological  excur- 
sions. Entering  age  depends  on  proper  preparation  only.  The  course  is 
five  years ;  two  years  preparatory,  three  years  technical  work.  The  degrees 
are  B.S.  and  E.M.  In  the  third  year  four  excursions  of  one  day  each,  one 
excursion  of  two  weeks.  In  the  fourth  year  four  excursions  of  one  day  each, 
one  excursion  of  two  weeks.  In  the  fifth  year  three  weeks  in  the  coal  mines 
and  six  days  in  metallurgical  works. 

University  of  Wisconsin  gives  a  course  in  mining  engineering,  also  one 
in  metallorgioEd  engineering.  Has  a  professor  of  metallurgy.  There  are 
excursions  to  metallurgical  works.  Entering  age  sixteen.  The  course  is 
four  years.  Degrees,  B.Met.E.  and  B.M.K  Second  degrees  given  on 
examination  only,  and  after  at  least  one  year  of  study  and  practice,  MetE. 
and  M.E. 

Washington  university,  St.  Louis,  has  a  polytechnic  school  with  four 
courses  ;  one  of  them  is  mining  and  metallurgy.  It  has  a  professor  of  mining 
and  metallurgy  ;  has  a  mining  laboratory  in  preparation  for  next  year ;  has  a 
prominent  summer  school  of  surveying,  mining  and  metallurgy,  attendance 
on  which  is  a  requirement.  It  has  excursions  to  mines  and  works.  Students 
enter  at  sixteen.  The  course  is  four  years  with  the  degree  of  B.K  After 
one  additional  year  of  special  study  the  degree  of  E.M.  is  given. 

There  are  three  other  schools  of  mines  contemplated  in  the  United 
States :  one  at  Houghton,  Mich.,  which  expects  to  open  its  doors  in  Sep- 
tember, 1886  ;  one  at  Rapid  City,  Dakota,  named  the  Dakota  school  of 
mines,  for  which  a  portion  of  the  funds  needed  have  already  been  appro- 
priated ;  and  at  the  Rose  polytechnic  school^  Terre  Haute,  Ind.,  ^'  a  depart- 
ment of  mining  engineering  is  contemplated  but  not  yet  organised." 

Mason  science  college,  Birmingham,  prepares  for  examinations  for  degrees 
from  London  university.  Has  professors  of  chemistry  and  metallui^,  geo- 
logy, engineering  and  mining.  Gives  courses  in  metallurgy  and  applied 
geology,  with  summer  field  work  and  excursions.  Gives  courses  in  mining 
for  the  title  of  Mining  Associate,  and  a  certificate  of  competency  for  colliery 
managers  and  proprietors ;  also  evening  lectures  to  working  miners. 

Owens  College  (Victoria  university)  Manchester,  has  in  addition  to  pro- 
fessors of  mathematics  (pure  and  applied),  physics  and  chemistry,  a  professor 
of  engineering,  a  professor  of  geology,  a  lecturer  in  metallurgy  and  a  lecturer 
in  mineralogy.  New  and  well  furnished  laboratories  have  just  been  com- 
pleted for  geology  and  mineralogy ;  a  large  engineering  laboratory  is  in  course 
of  construction  and  a  small  laboratory  is  provided  for  the  lecturer  in  metal- 
lurgy. The  college  gives  a  certificate  in  engineering  on  the  completion  of  a 
three-years'  course ;  and  a  certificate  in  *'  applied  geology  and  subjects  pre- 
paratory to  mining  "  after  a  two-years'  course,  which  "  is  not  intended  to 
supersede  the  practical  training  which  is  to  be  obtained  in  the  office  of  the 
mining  engineer  or  in  the  mines."  This  course  comprises  instruction  in  che- 
mistry and  physics  as  well  as  in  engineering,  geology  and  mineralogy,  and 
includes  field  work  and  visits  to  mines.  The  Victoria  university  gives  its 
degree  of  B.Sc.  in  the  several  groups  (amongst  others)  of  engineering,  expe- 
rimental sciences  and  geology. 

The  Swedish  mining  school  was  established  in  1821  in  Falun.  In  1869 
it  was  removed  to  Stockholm,  and  incorporated  with  Kongl.  Tekniska  Hogs- 
kolan.  Two  or  three  years  are  given  to  preparatory  studies  and  one  year  to 
strictly  technical  studies,  or  to  the  application  of  metallurgy  or  mining.  The 
school  for  the  last  year  offers  eight  courses  in  mining,  metallurgy  and  assaying 
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In  the  fint  year  the  studies  are  common  to  all  the  pupils  of  K.  Tekniska 
Hogskolan,  which  embraces  five  l^ranches  or  departments,  viz.,  for  mechanical 
engineers,  chemists,  civil  engineers,  architects,  and  metallurgical  or  mining 
engineers.  In  the  metallurgy  of  iron  and  in  mining  an  excellent  summer 
oonrse  is  given.  Professor  Kichard  Akerman  writes  me  :  "  The  second  of 
May  I  take  the  students  of  the  third  and  fourth  years  of  the  course  to  an 
iron  works,  where  we  remain  for  six  weeks,  during  which  they  manage  for 
themselves  a  small  blast  furnace  of  their  own  and  work  in  charcoal  hearths, 
etc.  After  that  we  visit  some  other  iron  works,  and  then  begins  the  practical 
training  in  mining  at  the  mine,  where  the  professor  of  mining  takes  care  of 
the  students  for  about  three  weeks,  whereupon  the  professors  of  mining  and 
metallurgy  for  about  a  forthnight  travel  with  the  pupils  to  different  mines 
and  works.  Of  what  they  have  seen  during  these  travels  the  students  have 
to  elaborate  descriptions  until  the  beginning  of  October,  during  which  month 
they  are  examined/' 

There  are  three  Austrian  mining  academies.  Those  of  Leoben  and 
Pnibram  (belonging  to  Austria  proper)  are  for  German-speaking  students.  Mining  a«ad«- 
The  school  of  Schemnitz  (Hungarian)  is  intended  for  the  Hungarian  popula-  ™*** '°  Auitri*. 
tion  of  the  empire.  One  feature  characteristic  of  the  Austrian  mining 
flchools  is  the  great  importance  given  to  the  study  of  mining  and  metallur- 
gical machinery.  To  each  of  these  a  special  series  of  lectures,  combined  with 
practical  designing,  is  devoted. 

Prussia  has  three  schools  where  mining  and  metallurgy  are  taught — the 
academies  of  Clausthal  and  Berlin,  which  are  devoted  entirely  to  these  Minin^f  Mhoois 
branches,  and  the  polytechnicum  of  Aachen  ( Aix-la-Chapelle),  which  has  a  ^n  Frunsia. 
mining  department.  A  difference  is  made  between  private  students  and 
those  who  are  candidates  for  government  positions.  A  government  student 
must  be  a  graduate  from  a  first  rank  Keal-schule  or  gymnasium.  He  is  then 
obliged  to  take  one  year's  practical  course  in  mines  under  the  direction  of  the 
head  government  mining  ofiicial  of  the  district  where  his  application  has  been 
made  ;  after  this  he  must  study  three  years,  one  of  which  at  Berlin.  The  condi- 
tion! of  admission  for  non-government  and  special  students  are  about  the 
flame  as  those  of  Freiburg.  Clausthars  special  features  are  the  geology,  the 
deep  mines,  the  large  concentration  works  of  argentiferous  lead  and  copper 
ores.  Fifty-three  Americans  have  studied  at  the  school ;  eight  have 
graduated.  Aachen's  specialty  is  the  large  iron,  coal  and  zinc  industry  in  its 
neighborhood.  Five  Americans  have  studied  at  the  school  since  1874  ;  one 
American  is  now  at  the  school.  Every  Saturday  is  in  both  of  these  schools 
deTOted  to  systematic,  practical  study  in  mines  or  works.  "^ 

SCHOOLS    OF    MINES    IN    NEW    ZEALAND. 

Schools  of  mines  have  been  formed  on  the  various  gold  fields  with  the 
view  of  affording  technical  instruction  in  subjects  relating  to  minerals,  mines  origin  and  ob- 
and  mining.  The  distinguishing  feature  of  the  scheme  is  that  it  brings  the  ^^|J|  ^^^ 
instmction  to  the  centres  of  the  mining  communities  on  every  gold  field  and 
coal  field  in  the  colony,  and  thus  enables  the  miners  to  attend  the  classes  in 
the  evening  while  carrying  on  their  ordinary  work  during  the  day.  The 
scheme  had  its  origin  in  Lawrence,  Otago,  in  November,  1884,  when  at  the 
request  of  Mr.  J.  C.  Brown,  M.H.R.,  Professor  Black  of  the  university  of 
Otago  delivered  three  lectures  on  the  chemistry  of  minerals  to  the  lAwrence 
Athenaeum  and  Mining  Institute.  Encouraged  by  the  enthusiasm  created 
among  the  miners,  an  extended  course  of  lectures  and  practical  classes  for  the 
testing  of  minerals  were  immediately  organised  by  the  Lawrence  Athenaeum 
committee  and  carried  out  with  great  success.  The  Hon.  W.  J.  M.  Lamach, 
O.M.G.,  coming  then  into  office  as  minister  of  mines  for  the  colony  and  recog- 

*  Tranaactioiui  of  the  American  Institute  of  Mining  Engineers,  toI.  xv.,  pp.  832-331  and 
SlO-13. 
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nising  at  once  the  directness  and  practical  character  of  the  instruction  thus 
The  movoment    given,  the  warm  reception  it  was  meeting  with  on  the  part  of  the  miners  and 
whoUcoiony.***  the  great  advantages  which  if  properly  managed  it  could  not  fail  to  bring  to 
the  mining  community,  took  up  the  movement  at  this  point,  extended  it  to  the 
whole  colony  and  directed  and  fostered  it  into  what  has  now  become  an  im- 
portant  colonial  institution.      The  scheme  does  not  aim  at  imparting  an 
exhaustive  course  of  instruction  in  the  subjects  of  study.     This  is  left  for  the 
Otago  school  of  mines  and  the  university  colleges,  which  the  few  alone  are 
able  to  attend.     It  aims  rather  at  giving  the  miners  an  elementary  but  at  the 
same  time  practical  acquaintance  with  a  few  of  the  branches  of  science  relat- 
ing to  minerals,  such  as  will  be  of  the  most  advantage  to  them  in  their  daily 
work  and  through  them  to  the  colony  at  large.     The  subjects  which  are  taken 
up  in  such  a  course  are  the  following  :  (1)  geology,  (2)  mineralogy,  (3)  chem- 
2SSS***V°th    ^^*T  ***  applied  to  mineials,  (4)  the  testing  of  minerals  by  wet  processes,  (6) 
MhooisftDdr*-    assaying,  (6)  metallurgy  or  the  extraction  of  metals  from  their  ores,  and  (7) 
juito  looked  for.  blowpipe.      Provision  is  also  made  under  the  scheme  for  classes  in  mining, 
surveying  and  mine  engineering.     It  is  intended  that  these  classes  when  fully 
equipped  will  qualify  intending  mine  managers  for  passing  the  examination 
that  will  be  required  of  them  by  a  recent  act  of  parliament.     The  results- 
expected  from  the  scheme,   and  indeed  already  attained  to  a  considerable 
extent,  are  such  as  the  following : 

(a)  Miners  in  every  mining  district  will  be  made  familiar  with  all  orea 
of  any  value ;  they  will  be  able  by  simple  tests  to  identify  ores  and  ascertain 
for  themselves  what  metals  they  contain. 

(6)  Miners  will  be  able  to  assay  ores  and  minerals  of  every  kind,  to  find 
out  their  richness  or  what  proportion  of  metal  or  other  valuable  substance 
they  contain  ;  to  find  out  for  example  how  many  ounces  of  gold  or  silver  per 
ton  a  stone  contains,  what  percentage  of  mercury,  copper,  tin,  lead,  antimony, 
iron,  zinc,  etc.,  the  quality  of  coal,  oil-shale,  limestone,  building  stone,  etc. 

(c)  Miners  will  be  familiarised  with  the  acids,  alkalis  and  salts,  with  the 
action  of  these  chemicals  on  gold,  silver,  mercury,  copper  and  the  other  metals^ 
and  with  their  use  in  the  treatment  of  copper  plates,  sickened  mercury,  test- 
ing ores  and  generally  in  gold  and  silver-saving  processes. 

(d)  Miaers  will  be  able  to  make  their  own  sodium  amalgam  at  a  small 
fraction  of  the  cost  of  the  imported  article  and  will  thus  have  control  over  its 
quality,  and  having  a  practical  acquaintance  with  its  action  under  all  con- 
ditions they  will  be  in  a  position  to  experiment  in  an  intelligent  manner  on 
its  use  as  a  mercury -cleaning  and  gold-saving  appliance. 

(6)  Miners  will  be  instructed  in  the  most  simple  and  effective  processea 
for  cleaning  dirty  gold  from  such  impurities  as  rust,  lead,  zinc,  tin,  iron  or 
an  undue  proportion  of  copper  or  silver,  etc.,  so  as  to  make  it  saleable  at  its 
proper  price. 

(/)  Miners  will  also  be  able  to  assay  their  gold  or  bullion  so  as  to  ascer- 
tain its  fineness  and  commercial  value.  This  is  specially  important  on  a  new 
field  where  the  quality  of  the  gold  is  unknown,  or  on  a  field  like  the  Hauraki 
peninsula  where  the  proportion  of  gold  and  silver  in  the  bullion  varies  widely. 

{g)  Miners  will  have  by  means  of  practical  experiments,  diagrams, 
descriptions  and  explanations  an  intelligent  acquaintance  with  the  objects, 
principles  and  conditions  of  roasting  and  smelting  processes,  the  various  kinds 
of  furnace,  fluxes,  oxidising  and  reducing  agents,  the  different  effects  brought 
about  at  various  temperatures,  the  different  chemicals  employed  in  the  furnace 
and  in  the  vats,  especially  in  recent  silver  smelting  processes,  and  the  part 
which  electricity  may  be  made  to  play  in  the  treatment  of  ores. 

(Jh)  Miners  will  also  by  means  of  lectures  and  the  current  periodical 
literature  on  mining  subjects  be  put  in  possession  of  the  most  recent  intelli- 
gence as  to  improved  processes  in  use  in  other  countries  as  well  as  in  different 
parts  of  the  colony  itself. 
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TEACHING     STAFF     OF    THE    SCHOOLS. 

The  carry icg  cat  of  the  scheme  has  hitherto  been  intrasced  to  Professor 
Black  and  a  staff  of  seven  colleagaes  and  assistants.      Their  qualifications  for  v^ij^Aaan 
the  work  are  as  follows :  :<**«« 

(1)  James  G.  Black,  M.A.,  D.Sc.,  is  professor  of  chemistrr,  metallargy 
and  assaying  in  the  nniyersitj  of  Otago  and  Otago  school  of  mines. 

(2)  Alexander  Montgomery,  >LA.,  with  first-class  honors  in  chemistry 
and  physics  (London  examination),  is  an  alumnus  of  Otago  unirersity  and 
school  of  mines,  and  was  assistant  to  Professor  Black  for  two  years  in  the 
chemistry  classes  of  Otago  university. 

(3)  Thomas  F.  Fenton,  late  mine  and  battery  manager^  mine  and  mineral 
viewer  and  assayer,  has  completed  one  year's  studies  in  chemistry,  metallurgy, 
assaying,  mining  and  blowpipe  in  Otago  university  and  school  of  mines. 

(4)  Victor  McLvmont  is  a  third  year's  student  in  chemistry,  first  year's 
student  in  mining,  assaying,  metallurgy  and  blowpipe  and  ex-assistant  to 
Professor  Black  in  the  chemistry  classes  of  Otago  university  and  school  of 
mines. 

(5)  Thomas  Buteman  is  a  fourth  year  s  student  of  Otago  university  and 
school  of  mines.  He  has  gone  through  a  full  course  of  studies,  practical  and 
theoretical,  in  chemistry,  metallurgy,  assaying,  mining,  mineralogy  and  blow- 
pipe. 

(6)  Robert  Irvine  is  a  second  year's  student  in  chemistry  and  first  year  s 
student  in  assaying,  metallurgy,  mining  and  blowpipe  in  Otago  university  and 
school  of  mines. 

(7)  Adolph  Hamann  has  completed  a  full  curriculum  in  the  Otago  school 
of  mines  and  has  distinguished  himself  in  chemistry,  assaying,  metallurgy, 
blowpipe  and  the  mining  and  mineralogy  classes. 

(8)  William  Goodlet  has  been  laboratory  assistant  to  Professor  Black 
for  six  years  in  the  chemistry,  assaying  and  metallurgy  classes  of  the  Otago 
university  and  school  of  mines. 

Arrangements  are  also  being  made  for  securing  the  valuable  co-operation 
of  Professor  Brown  of  Auckland  college,  and  probably  of  Professor  Bickerton 
of  Canterbury  college. 

Professor  Black  besides  taking  the  general  supervision  of  the  scheme  all 
the  year  round,  devotes  the  six  summer  months  (November  to  May)  exclu-  um^ojun 
sively  to  his  duties  under  it,  dividing  his  time  pretty  equally  between  the  »»'«'*^*«*' 
different  districts  of  the  colony.  Mr.  Montgomery  is  occupied  all  the  year 
with  the  Thames  district.  Messrs.  Buteman  and  Irvine  were  during  the 
year  1886  engaged  for  only  six  weeks  conducting  assaying  and  blowpipe 
classes  in  the  Ref-s',  Skipper's  and  Macetown  reefing  districts.  All  the  other 
members  of  the  staff  are  engaged  for  only  the  six  summer  months  and  have 
been  located  for  the  present  year  as  follows  :  Mr.  Fenton  in  the  Westport, 
Reeiton  and  Lyell  districts,  Mr.  McLymont  in  the  Ross,  Hokitika,  Kumara 
and  Greymouth  districts,  Mr.  Hamann  in  the  Lawrence,  Grumwell  and 
Kaseby  districts  In  placing  the  members  of  the  teaching  staff  care  is  taken 
'that  men  of  special  acquirements  are  appoint*^  to  districts  where  their  par- 
ticular knowledge  will  l>e  most  serviceable. 

COSISTITUTIO.V     AN'n     E  ST  A  B  L  I  8  H  If  EN  T     OF     SCHOOLS     Or     MIVES. 

The  establishment  of  a  school  of  mines  in  any  mining  district  is  left  to 
the  action  of  the  miners  themselves.  When  they  dssire  to  share  in  the  ad-  locai  mU 
vantages  of  the  scheme  they  form  themselves  into  an  association  or  institute  2^"]^'^ 
or  club  which  for  the  sake  of  uniformity  is  generally  called  a  school  of  mines. 
They  fix  for  themselves  an  annual  subscription  varying  from  5s.  to  .£1,  en- 
titling to  memViership,  and  with  the  funds  thus  collected  are  procured  the 
necessary  chemicals,  crucibles,  balances  and  other  appliances  for  carrying  on 
their  experiments.     These  are  procured  from  the  government  stock  at  the 
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rate  of  about  two  pounds*  worth  of  chemicals  for  every  pound  subscribed.  Th« 
association  constitutes  itself,  elects  its  own  office-bearers  and  makes  its  own  rules 
and  by-laws.  Wherever  such  association  or  school  of  mines  exists  arrange- 
ments are  made  to  send  one  or  more  members  of  the  teaching  staff  to  conduct 
practical  testing,  blowpipe  and  assaying  classes  and  to  deliver  a  course  of 
lectures  on  some  mining  subject  for  a  period  ranging  from  a  fortnight  to  ten 
or  twelve  weeks  in  each  year  aceording  to  the  importance  of  the  diirtrict. 
Professor  Black  also  visits  every  district  once  a  year  to  advise  and  assist  the 
local  committees  in  their  work  and  to  conduct  classes  and  deliver  lectures 
which  are  open  to  the  public  during  his  stay.  He  also,  as  well  as  all  the  mem- 
bers of  his  staff,  tests  and  assays  free  of  charge  such  minerals  as  are  brought 
by  the  miners  or  forwarded  to  him  at  the  university  laboratory,  Dunedin. 

OHARACTKB    OF     THR    TKAOHINO. 

The  character  of  the  teaching  and  the  reception  it  meets  with  on  the  part 
of  the  miners  may  be  gathered  from  the  following  extracts  from  Professor 
Black's  report  to  the  minister  of  mines,  dated  24tli  May,   1886  : 

The  work  carried  on  in  the  classes  at  the  Tliames  was  of  the  following  nature  : 

1.  Mr.  Montgomery  opened  his  blowpipe  class  every  morning  at  8  o'clock,  tak- 
ing the  stu(^ents  in  two  relays  up  to  11  or  12  o'clock  and  again  another  relay  from 

Blowpipe  6  to  7  in  the  evening.     In  these  blowpipe  classes,  which  I  regard  as  an  important 

ciMMe.  feature  of  the  programme.  Mr.  Montgomery  seated  his  students  along  each  side  of 

a  table  about  25  feet  in  length.  He  provided  each  student  with  a  stout  candle,  a 
piece  of  wood  charcoal,  a  small  and  inexpensive  assortment  of  chemicals  in  the  form 
of  dry  salts  and  other  reagents,  and  a  blowpipe.  The  supply  of  blowpipes  however 
ran  short  owing  to  the  largo  number  that  joined  the  class,  but  the  students  ver^- 
soon  provided  themselves  with  that  requisite  from  various  sources.  Furnished 
with  these  appliances  Mr.  Montgomery  took  his  students  through  a  preliminary 
course  of  blowing,  practising  them  in  the  different  kinds  of  flame — oxidising  flame, 
reducing  flame  etc. — and  here  he  was  greatly  aided  by  the  efficiency  of  many  of  the 
students  who  were  adepts  in  the  art.  He  then  guided  them  through  a  long  course 
of  blowing  beads  in  the  loop  of  a  platinum  wire  from  the  powdered  ores  of  different 
metals,  showing  them  how  to  identify  the  metal  from  the  color  of  the  bead  in  the 
various  fluxes.  Mr.  Montgomery  also  instructed  and  exercised  his  class  in  the  art 
of  heating  metallic  compounds  with  and  without  oxidising  and  reducing  agents,  and 
fluxes  in  dry  glass  tubes  and  on  charcoal,  and  showed  them  how  to  distinguish  the 
substance  on  trial  by  the  results  obtained.  The  energy  and  success  with  which 
these  students  entered  into  these  blowpipe  experiments  were  quite  in  keeping  with 
their  enthusiasm  and  perseverance  in  the  other  classes. 

2.  Mr.  Fento'i,  who  joined  the  teaching  staff  as  assayer  in  Auckland,  opened 
Assay  inf.           his  class  for  assaying  metallic  ores  every  morning  at  9  o'clock  and  conducted  with 

his  studentri  assays  every  day  from  9  a.m.  to  5  p.m.  on  the  ores  ef  gold,  silver,  'ead 
and  tin.  Being  in  some  difficulty  about  necessary  furnaces,  Mr.  Dunlop  of  the 
Golden  Crown  battery  built  a  melting  and  assay  furnace  in  the  battery  and  gave 
the  use  of  it  free  of  charge  to  the  class,  supplying  them  as  well  with  various  other 
appliances  re<]uired  for  carrying  on  the  fire  assays.  In  Mr.  Fen  ton's  classes  as  in 
all  the  others  the  men  themselves  took  a  practical  part  in  the  work.  He  had  them 
engaged  in  grinding  and  sifting  the  ores,  weighing  them,  weighing  out  the  proper 
fluxes  for  the  different  kinds  of  ore,  mixing  the  fluxes  with  the  ground  ore,  charging 
the  crucibles,  heating  them  in  the  melting  furnace  to  the  required  temperature  and 
for  the  proper  time,  pouring  out  the  molten  metal  into  the  ingot  moulds,  detaching 
the  slag,  hammering  and  cupelling  the  resultant  buttons  of  metal,  weighing  the 
bullion  and  finally  separating  the  silver  from  the  gold,  washing,  drying  and  weigh- 
ing the  latter  and  calculating  the  results.  In  all  these  operations  the  men  took  a 
most  intelligent  interest  and  worked  at  them  with  such  success  that  a  very  large  num- 
ber of  men  on  the  Thames  can  now  assay  their  own  ores  with  quite  sufficient  accur- 
acy for  their  own  purposes.  The  direct  advantage  to  the  miners  of  being  able  to 
do  this  will  be  seen  when  it  is  stated  that  the  silver  in  the  silver-bearing  stone  of 
Waihi  and  Karangahake  does  not  exist  in  the  stone  in  the  state  of  metafiic  silver, 
but  chiefly  as  the  grayish-black  sulphide  and  the  variously  colored  chloride,  and  in 
these  states  of  combination  it  is  not  visible  at  all  as  silver.  Most  of  the  gold  also 
in  the  silver  bearing  ore  exists  as  a  blackish  sulphide  of  gold,  probably  in  combina- 
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tion  with  sulphide  of  silver,  aiid  thus  escapes  the  notice  of  the  miner  who  is  pro- 
specting on  the  old  lines.  It  is  muIv  when  the  gold  amd  silver  are  bmught  out 
either  by  the  tire  assay  prucess  or  by  rhe  wet  chemical  processes  that  the  value  of  the 
stone  is  known.  3Iuch  stone  on  the  Waihi  and  Karmngahake  containing  gold  and 
nlver  worth  £10  t^  £100  per  ton  of  stone  has  been  overlooked  fi>r  years  for  want  of 
a  little  of  this  kind  of  kn  iwledge.  I  have  heard  since  my  visit  io  the  Thames  of 
several  in>tances  of  large  quantites  of  stone  showing  to  the  eye  neither  iivid  nor 
silver  being  taken  up  by  members  of  Mr.  Fenton's  assaying  class  and  turned  rapidly 
to  their  own  advantage.  A  practical  acquaintance  with  the  methods  of  testing 
stone  puts  the  mining  prospector  in  a  position  to  profit  directly  by  his  own  disco «*- 
erier  instead  of  having  to  get  sample  after  sample  tested  by  the  professional  assnyer 
for  a  fee  which  he  can  in  many  cases  ill  afford,  besides  subjecting  himself  t<»  tetiious 
delays,  lon^  journeys,  loss  of  time  and  the  risk  of  having  someone  else  V«etter  in- 
formed in  the  mean:ime  jumping  his  claim.  I  liX>k  on  a  practical  knowledge  of  the 
process  for  assaying  silver  and  gold  bearing  stone  as  an  incalculable  biK>ii  tn  the 
miners  on  the  Hauraki  p»eiiinBula.  and  a  boon  that  in  the  interests  of  the  c^>lun\  the 
government  would  di^  well  to  provide. 

3.  My  own  testing  classes  were  held  in  the  morning  frttm  9  to  12  o'ckick  and  again 
in  the  evening  frmi  7  to  9  o'clock.  In  these  classes  1  was  very  efficiently  assist<:d  Tntiof  «lM»e»- 
by  Messrs.  McLymont  and  Goodlet,  and  by  Mr.  Montgomery  when  he  was  not 
otherwise  engaged.  In  these  clashes  also  the  students  themselves  carried  on  the 
Tarioos  operations.  The  stud^^nts  were  arranged  around  seveial  large  working 
tables,  provided  with  stands  of  test-tubes,  filtering  appliances,  spirit  lamps.  si»lu- 
tions  of  metallic  salts  and  the  various  acids,  alkalis  and  other  chemicals  rei]uired  in 
the  testing  pnxre^ses.  In  the  first  part  of  the  course  they  applied  the  proffer  tests 
under  my  guidance  to  solutions  containing  only  one  metal  at  a  time.  In  this  way 
we  dealt  w.th  S"lutions  of  guld,  platinum,  silver,  lead,  mercury,  copper,  cadmium, 
arsenic,  antimony  and  tin.  iron,  nickel,  cobalt,  manc^anese  and  zinc,  also  in  some 
eases  barium,  magnesium  and  calcium.  Having  mastered  the  tests  for  the  metals 
in  eolation  one  at  a  time  we  pr^jceeded  with  the  processes  fur  identifying  the  metals 
when  several  were  present  in  the  ^ame  solution.  The  time  at  our  disposal  however 
at  one  place  did  not  admit  of  a  thorough  study  of  this  branch  of  analysis,  and  we 
had  to  leave  it  to  the  more  leisurely  attention  of  the  permanent  staff  in  the  schoitl 
of  mines.  We  then  entered  on  a  very  fascicating  and  important  branch  of  analysis 
in  which  we  dealt  with  the  ores  themselves,  grinding  them  in  the  mortar,  treating 
the  powder  with  the  prop>er  acid  (nitric,  muiiatic  or  sulphuric)  or  mixture  of  acids 
(generally  aqua  regia,  a  mixture  ef  strong  nitric  acid  and  strong  muriatic  acid),  bill- 
ing to  dryness  or  otherwise,  stirring  up  the  residue  with  water  so  as  to  get  a  water 
eolation  of  the  metal  and  then  applying  to  this  solution  the  proper  tests  in  the 
proper  order  till  the  metal  was  discovert.  When  the  stone  contained,  as  was  gen- 
erally the  case,  more  than  one  metal  the  processes  for  identifying  these  in  each 
other's  presence  were  gone  through,  thus  bringing  to  bear  all  the  knowledge  practical 
and  theoretical  acquired  in  the  earlier  parts  ot  the  course.  In  this  way  we  analysed 
minerals  containing  the  following  metals :  g^ld.  silver,  lead,  mercury,  antimony, 
platinum,  zinc.  C4ip]ier.  iron,  nickel  and  managnese.  We  also  tested  in  the  same 
way  acheelite-  worth  from  £20  to  £35  per  ton  and  occurring  in  various  parts  of 
Otago  from  Naseby  to  the  head  of  lake  Wakatipu — limestone,  wolf  ran  and  the 
various  silicates.  We  also  extracted  tin  frf»m  tinstone  by  fusing  it  out  with  the 
proper  fluxes  and  afterwards  subjected  it  in  solutitm  to  the  various  tests  for  that 
metsL  In  some  of  the  classes  we  also  examined  ores  containing  the  metals  named 
above,  quantitatively  t(>  determine  the  p*^rcent;ige  I'f  metal  they  contained,  also 
oosi  of  various  kinds  ro  determine  the  i>ercentage  of  water,  ash,  gas  and  fixed  carbon. 
Daring  our  prolonged  stay  at  the  Thames  we  had  time  to  go  through  pretty  nearly 
sH  the  work  described  above,  but  at  the  other  centres  visited  it  was  quite  im]K)ssible 
in  the  time  at  our  disj>osal  to  go  thn>ugh  more  than  the  simple>t  {>art  of  so  large  a 
programme.  At  everj-  place  I  visited  during  the  session  under  rejKjrt  as  well  as  on 
my  tour  round  the  southern  gold  fields  the  year  before,  the  attendance  \«  as  almost 
invariably  increasing  during  my  stay,  and  my  feeling  was  on  the  eve  of  leaving  Att«ncUuice  at 
many  a  gold  field  that  I  could  well  stny  there  for  years  and  find  plenty  to  doam<.»ng  ^^* 
the  mining  clas.-^es  all  the  time.  The  men  are  not  only  most  intelligent  and  very 
well  informed — in  maay  cases  on  subjects  altogether  outside  their  own  pursuits — 
but  are  as  a  rule  to  which  I  have  not  found  any  exceptions,  of  a  genial,  straightfor- 
ward and  kindly  dis{>osition,  which  makes  it  a  positive  pleasure  to  have  any  dealings 
with  them. 
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4.  My  own  lecture  was  delivered  usually  from  9  to  11  or  11. SO  p.m.  and  always 
closed  the  day's  proceedings.  The  subject  of  the  lecture  was  one  or  other  of  the 
following  course  : 

How  quartz  reefs  were  formed. 
How  gold  came  into  the  reefs. 
How  other  metals  came  into  the  reefs. 
The  chemistry  of  gold. 

The  methods  of  testing  and  assaying  gold-bearing  stone. 
The  chlorination  process  for  extracting  gold  from  iron  pyrites. 
The  conditions  to  be  observed  in  the  roasting  of  metallic  sulphides. 
The  Lamonte  furnace. 

The  ores  of  silver,  and  the  processes  for  the  extraction  of  silver  from  its  ores. 
The  processes  for  assaying  and  testing  silver  bearing  stone. 
Copper  and  its  ores. 
The  extraction  of  copper  from  its  ores. 
Tin  :  its  occurrence  an  I  extraction  from  tinstone. 
Lead  and  antimony  :  their  ores  and  metallurgy. 
Iron  and  its  ores. 
The  smelting  of  iron  ores. 

Mercury  :  its  occurrence  and  the  methods  of  extracting  it  from  its  ores. 
Sodium  amalgam:  i^s  manufacture,  properties  and  uses  as  a  gold-saving  appliance. 
Nitric  acid  and  muriatic  acid  :  their  manufacture,  tests  of  their  strength  and 
purity  and  their  properties  and  uses  for  testing  ores,  and 
On  the  gold  fields  generally. 

I  have  been  often  astonished  at  the  patience  with  which  the  miners  would  sit 
for  three  or  four  or  sometimes  five  hours  listening  to  a  lecture  on  some  of  the  above 
subjects.  They  were  always  freely  illustrated  by  experiments,  but  it  was  evidently 
not  these  but  their  intelligent  interest  in  the  subject  of  lecture,  and  their  ability  to 
follow  it  clearly  in  all  its  essential  details,  that  kept  the  men  on  their  seats  to  its 
close.  A  look  at  the  above  list  of  subjects  of  experimental  lectures  will  show  how 
well  they  are  suited  to  an  intelligent  mining  audience,  and  it  is  to  such  subjects  as 
these  that  I  wish  the  attention  of  the  teaching  staff  of  the  chemistry  department  of 
the  gold  fields  schools  of  mines  to  be  directed. 

At  the  Thames  Mr.  Montgomery  delivered  during  the  week  three  of  his  lec- 
tures on  gold  saving  appliances,  and  I  closed  the  classes  there  by  two  lectures  on 
the  treatment  of  silver  ore  and  gold  bearing  tailings  on  Thursday  and  Friday  evenings 
before  audiences  larger,  stronger,  more  enthusiastic  and  more  keenly  interested  in 
the  subject  of  lecture  than  over  they  had  been  before.  Indeed  my  experience 
everywhere  was  that  the  longer  we  stayed  the  more  intense  did  the  interest  be- 
come, the  more  the  miners  knew  the  more  they  wished  to  know.  So  much  was 
this  the  case  at  the  Thames.  Karangahake,  Te  Aroha,  Waiorongomai  andCoroman- 
del  as  well  as  on  the  west  coast  and  southern  gold  fields  that  it  was  quite  depressing 
U>  have  to  leave  such  crowds  of  intelligent  men  in  place  after  place,  all  eager  to 
get  further  information  and  practice  in  the  methods  of  testing  the  ores. 

From  the  Tha-nes  wo  all  proceeded  by  steamer  with  warden  Kenrick  to  Coro- 
mandel  on  Saturday  the  12th  December,  and  lectured  there  the  same  evening.  Mr. 
Cadman,  M.H.R.,  had  been  for  weeks  before  our  arrival  in  constant  communication 
with  Mr.  Kendrick  and  myself  about  our  visit,  had  spread  among  the  miners  infor- 
mation about  our  doings  on  the  Thames  and  elsewhere,  and  had  made  all  necessary 
arrangements  for  the  success  of  the  classes.  The  result  of  all  this  preparation  was 
that  we  found  on  the  night  of  our  arrival  a  crowd  of  about  180,  nearly  all  miners, 
awaiting  us  in  the  schoolroom.  The  large  room  was  crowded  to  ovei^owing,  and 
many  could  not  even  get  standing  room  within  the  building.  The  tosti  g  class  was 
at  once  fornied  and  continued  under  my  direction  and  that  of  Messrs.  Montgomery 
and  McLymont  from  7  p.m.  to  9.3 J  p.m.,  when  Mr.  Cadman  took  the  chair  and  I 
lectured  till  11.80  p.m.  on  the  formation  of  quartz  reefs  and  the  introduction  of 
gold  into  them.  Messrs.  Montg  jmery  and  Fenton  opened  their  blowpipe  and 
assaying  classes  on  Monday  morning  at  8  o'clock  and  continued  all  day,  with  sev- 
eral relays  of  students,  the  men  themselves  as  usual  taking  a  direct  and  active  part 
in  all  the  operations.  Mr.  McLymont  had  during  Monday  and  Tuesday  full  charge 
of  the  testing  classes  until  7  p.m.,  when  I  took  charge  and  continued  for  two  hours 
with  the  metallic  ores,  following  each  evening  with  a  lecture  till  11.30  p.m.  on 
some  subject  connected  with  gold  saving  processes. 

After  spending  four  days  at  the  Thames  lecturing  and  conducting  classes,  I 
proceeded  with  Mr.  Fenton  and  Mr.  Goodlet  to  Karangahake,  about  fifty  miles  in- 
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land,  leaving  Messrs.  Montgomery  and  McLymont  in  charge  of  the  Thames  classes. 
Warden  Kendrick,  who  as  usual  had  made  all  necessary  arrangements,  accompanied  Large  attend- 
me  to  Karangahake  and  presided  at  the  first  meeting,  which  was  attended  by  160  ^y.^^ffj^^* 
miners.  As  there  was  nu  room  at  Karangahake  large  enough  to  accommodate  such  ciMsei. 
a  crowd  Mr.  R.  K.  Davis  put  his  Lamonte  furnace  building  at  our  disposal.  This 
building  was  in  course  of  erection  and  nearly  finished,  and  through  the  efforts  of 
Mr.  Haslett,  the  foreman,  it  was  soon  put  in  a  condition  suited  to  the  purposes  of 
the  classes.  Next  day  about  30  of  the  miners  took  a  half  holiday  to  go  through  the 
Assaying  processes  with  Mr.  Fenton.  Mr.  Smith,  the  professional  assayer  at  Kar- 
angahake, very  kindly  put  his  plant  at  our  disposal  for  that  purpose.  This  was 
really  a  kindness  as  we  were  utterly  destitute  of  balances  and  crucibles,  and  it  is 
■an  unhear  J  -of  thing  for  an  assayer  to  expose  his  delicate  balance  and  fine  crucibles 
and  weights  to  the  rough  handling  of  outsiders,  but  in  the  keenness  of  the  interest 
taken  by  both  Mr.  Davis  and  Mr.  Smith  this  was  quite  forgotten  for  the  moment. 
About  180  miners  turned  up  at  the  second  lecture.  On  the  third  day  from  70  to  90  of 
the  miners  were  engaged  in  relays  all  the  afternoon  assaying  with  Mr.  Fenton.  many 
of  them  taking  an  active  part  in  all  the  processes  except  the  weighing  of  the  fine 
metals  in  which  they  could  not  participate  owing  to  the  small  size  of  the  balance 
Toom.  In  the  evening  at  7  o'clock  we  found  about  220  men  assembled  for  the 
testing  class  and  lecture,  and  the  furnace  room  was  far  too  small  to  accommodate 
them  in  the  usual  way.  Steps  were  immediately  taken  however  to  plank  the  rafters, 
and  in  this  way  70  or  80  men  had  accommodation  overhead,  and  there  they  re- 
mained in  perfect  silence  looking  down  on  the  proceedings  at  the  testing  table  for 
four  hours.  At  this  meeting  Mr.  McLaren,  inspector  of  mines,  presided,  and  by 
his  geniality  and  enthusiasm  and  knowledge  of  the  men  did  good  service  in  explain- 
ing from  the  chair  the  object  of  the  classes  and  urging  all  to  avail  themselves  of  the 
facilities  for  technical  instruction  in  their  own  industry  now  placed  at  their  disposal. 
The  meeting  here  was  opened  about  7  p.m.  and  it  was  after  midnight  when  it  broke 
up.  It  was  indeed  without  exception  the  most  enthusiastic  meeting  1  have  ever 
had  on  the  gold  fields.  Most  of  the  men  had  come  with  paper  and  pencil,  and 
those  who  were  not  themselves  taking  part  in  the  processes  were  taking,  as  well  as 
they  could,  notes  of  the  proceedings.  1  was  never  so  impressed  as  1  was  that  night 
at  Karangahake  with  the  intelligence,  perseverance  and  energy  which  the  miners 
can  bring  to  bear  on  any  subject  in  which  they  are  intensely  interested.  Here  we 
had  many  of  them  analysing  and  assaying  silver  ores  with  quite  sufiicient  accuracy 
by  the  useful  laboratory  and  furnace  process,  while  three  days  before  very  few  of  them 
could  identify  silver  ore  when  they  saw  it,  much  less  could  they  form  any  idea  of 
the  proportion  of  silver  which  it  contained. 

It  would  be  one  of  the  chief  functions  of  a  colonial  school  of  mines  to  investi- 
gate the  character  and  composition  of  our  gold  and  silver  bearing  stone  and  other  Function!  of  a 
valuable  minerals,  to  procure  and  disseminate  among  those  concerned  the  most  school  of  mincsr 
recent  information  about  their  treatment  elsewhere,  and  to  guide  the  miner  in  the 
application  of  sound  and  scientific  principles  in  their  development  and  metallurgy. 
There  will  thus  be  saved  to  the  colony  the  useless  expenditure  of  much  money  and 
a  great  deal  of  energy  in  hopeless  directions,  and  the  country  will  be  in  a  position 
to  profit  by  whatever  mineral  wealth  our  mountains  contain. 

OOVERNHRNT    ASSISTANCE    TO     SCHOOLS    OF     MINES. 

The  mines  department  has  imported  from  London  for  the  use  of  the 
schools  chemicals  and  apparatus  to  the  value  of  about  £400.  It  has  also  xppUancet  for 
procured  from  Germany  eleven  collections  of  ores,  rocks  and  other  minerals  schools. 
for  distribution  among  the  schools  of  mines.  Each  of  these  collections  cost 
about  £35  and  includes  200  specimens  of  metallic  ores,  50  specimens  of  rocks 
and  30  specimens  of  minerals  that  accompany  the  metallic  ores  and  are  indi- 
cative of  the  same,  besides  an  assortment  of  minerals  to  show  degree  of  hard- 
ness and  110  samples  for  blowpipe  testing,  with  blowpipes  for  the  same.* 

THE  minister's  REPORT  ON  THE  SCHOOLS. 

With  regard  to  the  important  and  useful  work  being  carried  on  in  con- 
nection with  the  schools  of  mines  at  the  many  mining  centres  throughout  the  Pnctical  chsr' 
colony  where  they  have  been  established,   it  seems  to  me  that  one  of  the  JJJJJu^uon! 
first   and  surest   steps  towards   developing  the  mineral    resources    of  New 
Zealand  is  to  give  every    opportunity   and    encouragement  to  our   mining 

*  The  Handbook  of  New  Zealand  Mines,  Appendix,  pp.  1-13.  ^ 
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population  to  become  thoroughly  well  acquainted  with  the  various  ores  that 
exist  in  different  parts  of  the  colony,  in  order  that  miners  who  cannot  detect 
the  nature  of  any  ore  by  sight  may  be  able  to  test  it  by  analysis  and  ascer- 
tain its  value.  It  is  only  by  such  means  that  we  may  look  forward  to  our 
mineral  lodes  being  properly  prospected  and  intelligently  worked,  and  the 
combination  of  metals  in  refractory  ores  being  more  easily  discovered  and 
understood,  for  hitherto  this  last  description  of  ore  has  considerably  piizzled 
the  most  scientific  and  practical  men  among  the  mining  communities.  Schools 
of  mines  have  been  established  in  all  the  chief  mining  centres,  and  they 
may  fairly  be  termed  excellent  schools  for  technical  education.  It  is  really 
astonishing  to  learn  of  the  good  work  done  in  the  direction  of  teaching  not 
only  the  adult  miner  but  the  youthful  student  as  well,  and  so  eager  are  all 
classes  that  attend  these  schools  to  acquire  knowledge  and  information  on 
subjects  connected  with  minerals  and  their  analysis  that  they  have  formed 
themselves  into  local  bodies  in  the  several  centres  and  have  subscribed  hand- 
somely towards  funds  for  the  erection  of  buildings  and  had  the  same  fitted 
up  with  convenient  laboratories,  with  assaying  furnaces  capable  of  testing  the 
component  parts  of  any  ore  or  other  mineral  that  may  be  met  with.  Much 
of  the  success  of  these  schools  is  due  to  the  energetic  and  enthusiastic 
manner  in  which  Professor  Black  of  the  Otago  university  first  inaugurated 
them,  and  then  carried  on  the  courses  of  lectures  with  unflas^ging  zeal 
throughout  the  whole  raining  districts  of  the  colony.  Last  year  Professor 
£lack  confined  his  teachings  to  the  Middle  island,  with  his  assistants ;  and 
Professor  Brown  of  the  university  college,  Auckland,  in  conjunction  with 
Mr.  Montgomery  of  the  Thames  school  of  mines,  undertook  the  supervision 
and  instruction  of  the  schools  in  the  North  island.  The  great  interest  with 
which  Professor  Brown  has  taken  up  this  work  and  the  anxiety  he  has  showa 
to  try  and  improve  the  knowledge  of  the  mining  communities  among  which 
he  travels  may  be  gleaned  from  the  interesting  and  instructive  lecture  he 
recently  delivered  in  Auckland  on  the  subject  of  the  extraction  of  gold  and 
silver  from  the  ores  in  the  Thames  district.  Through  the  good  offices  of  the 
late  Sir  Julius  von  Haast  I  was  enabled  to  obtain  last  year  from  Germany 
fifteen  sets  of  mineral  specimens  complete,  and  twelve  of  these  have  been  dis- 
tributed among  the  principal  schools  of  mines.  One  set  will  be  kept  in 
Wellington  for  reference  and  comparison  and  two  remain  to  be  handed  over 
to  other  schools  that  are  still  without.  These  specimen  sets  have  been  found 
to  be  most  useful  to  the  miners  and  students  generally  attending  the  schools, 
as  they  have  been  so  well  and  carefully  selected  and  marked  that  each  speci- 
men can  with  ease  be  compared  with  any  other  natural  specimen  found  in 
the  country  and  its  nature  immediately  detected.  Up  to  the  present  time 
there  have  been  established  24  schools  of  minus  throughout  the  colony  ;  five 
of  these  are  in  the  North  island  and  the  remainder  in  the  Middle. island,  full 
details  of  which,  with  an  account  of  their  state  of  elfiuency,  will  be  found 
in  the  several  reports  furnished  by  Professor  Black  and  his  assistants.  The 
total  cost  of  imparting  instruction  and  information  and  subsidies  given  to 
the  schools  up  to  the  end  of  March  last  was  X4,193,  and  the  expenditure 
for  same  during  last  year  was  £2,924.  I  feel  great  satisfaction  in  reporting 
such  good  results  from  the  formation  of  these  schools  and  the  great  interest 
shown  by  the  mining  communities  in  them  ;  and  I  consider  that  the  colony 
is  indebted  to  Professor  Black  and  Professor  Brown  and  their  assistants  for 
the  energy  and  enthusiasm  displayed  in  conducting  the  necessary  instruction 
in  the  manner  they  have  hitherto  done.  The  course  of  instruction  given  has 
already  proved  itself  of  incalculable  benefit  to  the  miners  and  other  stu- 
dents, and  I  believe  ultimately  will  be  the  means  of  establishing  a  better 
system  of  working  the  mineral  lodes,  and  in  saving  a  very  large  percentage 
of  metals  that  otherwise  would  be  allowed  to  go  to  waste."^ 

*  From  the  report  of  the  Minister  of  Mines,  1887,  p.  15. 
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REPOBT  OF  THE  8R0BRTART  OF  MINRS. 

As  already  mentioned,  the  miner  is  confronted  with  the  problem  of  how 
to  treat  the  ores  in  which  gold,  silver^  and  other  metals  occur  ib  combination.  Pi»cU(»i  bent- 
One  important  step  towards  its  elucidation  has  already  been  made  in  teaching  J^q^^*,  ^"' 
him  how  to  recognise  the  constituent  metals  in  the  ores.     Dr.  Black,  pro- 
fessor of  chemistry  and  metallurgy  at  the  Otago  university,   during  each  of 
the  summer  vacations  of  the  last  three  years  visited  the  principal  mining 
districts,  delivering  lectures  on  chemistry  and  teaching  miners  the  tests  to 
apply  in  the  detection  of  the  various  metals.     The  results  have  been  well 
worthy   of  this   labor,  for   the  miners   from  their  calling  being  of  a  very 
observant  nature  have  profited  greatly  by  the  scienti6c  instruction.     It  has 
literally  been  a  case  of  the  seed  fallins^  on  good  ground  and  producing  fruit 
many  fold.     It  is  largely  due  to  Dr.  Black's  labors  and  to  the  attempts  at 
smelting  by  the  Lamonte  process  that  the  miners  of  the  Thames  realised  as 
they  now  do  the  presence  of  the  silver  and   other  metals  that  wore  being 
shot  out  on  the  heap  of  tailings  like  so  much   rubbish.     A  great  incentive 
has  been  given  to  prospect  new  fields,  for  in  the  simple  tests  the   miner  has 
learned  to  apply  he  is  armed  with  a  talisman  to  unlock  the  secrets  of  nature. 
It  is  true  that  it  is  one  thing  to  know  what  id  in  an  ore  and  quite  another  to 
dissociate  the  metals  composing  it,  on  the  large  scale.     But  wh  are  on  the 
right  track  of  discovery  in  having  awakened  the  spirit  of  enquiry  among  so 
many  intelligent  men  who  are  supplied  at  various  points   with  the  means  of 
porsoing  their  inquiries  in  the  laboratory.     On  account  of  the  expfm^e  it  is 
of  course  impossible  to  equip  and  maintain  laboratories  on  all  the  gold  fields. 
Bat,  recognising  the  importance  of  keeping  this  spirit  of  inquiry  alive,  well  utiorat^iriet 
equipped  laboratories  are  maintained  both  at  the  Thames  and  at  Reefton — 
the  two   principal   quartz-mining  districts — in  charge  at  each   place  of  an 
officer  trained  under  Dr.  Black.     At  the  Thames  Mr.  Montgomery  hcu  charge, 
and  Mr.  Fenton  at  Reefton.     Their  duties  are  to  make  analys^m  and   teach 
the  mineHB,  old  and  young,  in  the  chemistry  of  their  work.      It  is  reasonable 
to  hope   that  the  outcome   of    so   much  intelligent  application  will  V>e  the 
discovery  of  a  method  of  treating  the  ores  so  as  to  make  the  most  refrac- 
tory of  them  yield  up  their  wealth.     The  expenditure  on  schools  of  mines  Expeixiiturt. 
since  their  inauguration  has  been  as  follows  : 

£      ».  d. 

SulMidi«fl  toward*  the  erection  of  buildings 511  12  3 

Cb«micaU  and  minerabjgical  »i>wimenii difJ  \f>  2 

Salaried  of  teacb«r<»  and  travelling  expenseii 5,054     8  7 

Total f6.se5  10    0 

In  addition  to  this  the  liabilities  amounted  at  the  end  of  March  last  to 
JS337  4s.  3d.,  exclusive  of  £600  which  was  authoriiied  as  subsidy  towards 
the  erection  of  a  tf;sting-plant  in  connection  with  the  Thames  school  of 
mines  t 

VII  TORI  A    SCHOOL   OF    N  I  N  K  H. 

Dr.  K.  W.  Dale  in  his  impressions  of  Auntralia  ^ys :  "  VicU^ria  has  a 
school  of  miufs  at  Ballarat  and  another  at  Sandhurst ;  it  is  supposed  Ut  \m9  a  virtwr^  •'.hv/ 
great  advantage  to  the  students  that  they  can  go  down  if. to  the  rnineM,  which  ^JJ'^JJ 
are  within  h^lf  a  rnile  of  their  lecture  ro^mv  and  labr^ratories,  and  examine 
for  themselves  the  methods  of  working  them  ar*d  the  manu^'r  in  whi';h 
engineering  difficulties  have  been  met  and  ma^t/fred/  The  i^^llarat  sch^xrl  of 
mines  is  not  yet  affiliate  to  the  university,  although  it  pr<'par<rs  st'jderjtn  in 
mining  amoLg  other  subjects.  It  gives  "certificates  of  competence"  in 
aMaying.  including  metallurgy.  It  has  a  well  e^jaipfied  laVjratory  with  six 
lecturers  and  profei»ors  of  mining  suhjects,  and  prepares  students  for 
nnivenity  degree  examinations. 

*FrAL  tL«  r«-p^/ft  of  the  S<XT«tM7  />f  tb«  iMimntbtnt  'A  Miuen,  1S8S,  p,  5. 
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M. — MUSEUM   OF   ECONOMIC   GEOLOGY. 

UTILITY  or  A    OOLLBOTION  OF  MINBBAL8. 

The  act  making  provision  for  a  geological  survey  of  the  province  contem- 
plates as  one  of  its  objects  the  establishment  of  a  provincial  museum  for  the 
purpose  of  illustrating  by  maps,  specimens  and  descriptions  the  geological 
structure  of  the  country,  and  of  affording  a  view  of  its  mineral  resouroes ; 
and  the  government  having  placed  at  the  disposal  of  the  Survey  a  building 
in  which  the  arrangement  of  the  materials  that  have  up  to  this  time  been 
brought  together  can  be  commenced,  it  may  be  proper  to  draw  your  Excel- 
lency's attention  to  the  subject.  Of  the  utility  of  such  a  museum  for  the 
purposes  of  instruction,  if  the  arrangement  of  its  detail  is  properly  carried 
out,  there  can  be  no  doubt ;  and  one  branch  of  the  subject  which,  it  appears 
to.  me,  should  be  specially  attended  to  is  that  which  relates  to  economic 
geology.  In  museums  connected  with  educational  institutions  minerals  are 
usually  exhibited  as  they  are  related  to  one  another  in  chemical  composition, 
in  crystalline  form,  or  other  outwurd  mark  by  which  they  are  distinguished  ; 
such  collections  are  useful  to  enable  a  learner  to  acquire  a  general  knowledge 
of  mineralogy.  Or  they  may  be  arranged  in  their  geological  relations,  show- 
ing how  the  minerals  are  grouped  in  the  veins  or  beds  which  contain  them, 
what  species  of  rocks  the  veins  cut,  and  the  attitude  of  both  the  veins  and 
the  strata ;  and  if  to  this  be  added  the  order  of  sequence  in  the  strata,  as 
they  are  marked  by  their  fossils,  the  collection  would  teach  geology,  including 
the  art  of  discovering  useful  minerals.  £ut  another  arrangement  of  which 
mineral  substances  are  capable,  and  which  is  not  found  in  ordinary  educa- 
tional institutions,  regards  their  application  to  the  purposes  of  life ;  it  is  par- 
ticularly in  the  exhibition  of  the  useful  minerals  of  the  country  and  the 
illustration  of  their  applications  by  examples  that  a  collection  connected  with 
a  geological  survey  is  of  essential  advantage,  and  it  is  while  a  geological  sur- 
vey is  in  operation  that  such  a  collection  can  be  best  acquired.  Including 
this  branch  of  the  subject,  the  collection  of  the  Survey  would  show  the 
mineral  and  mechanical  character  of  the  rocks  of  the  province,  their  sequence 
in  the  order  of  superposition,  the  fossils  they  contain  by  which  nature  has 
marked  them  as  with  a  brand,  rendering  them  recognisable  wherever  they 
are  met  with,  the  attitude  they  have  beneath  the  surface,  their  geographical 
distribution,  and  with  that  the  geographical  distribution  of  the  useful 
materials  they  hold,  and  then  the  purposes  to  which  these  materials  can  be 
applied.  To  illustrate  these  uses  properly  would  necessarily  require  a  good 
deal  of  the  manipulation  of  the  artisan.  It  would  be  necessary  to  saw  and 
polish  blocks  of  marble  and  other  stones,  to  dress  and  prepare  slates,  to  dress 
building  materials, — in  short  to  give  to  each  substance  the  various  useful 
forms  which  it  is  capable  of  receiving.  ...  In  a  new  country  just  be- 
ginning to  ascertain  its  possesion  of  useful  minereds,  one  of  the  most  difficult 
things  possible  is  to  introduce  the  skill  requisite  to  make  them  available. 
Descriptions  of  them  and  their  applications  may  be  printed  and  published, 
but  it  is  not  easy  to  get  the  descriptions  read ;  indeed  a  vast  number  of  those 
whose  labor  might  be  available  to  turn  the  materials  to  pro6t  can  read  with 
difficulty  or  not  at  all  ;  but  it  requires  little  tuition  to  comprehend  the  objects 
of  industrial  art  when  addressed  to  the  eye,  and  imitative  skill  is  more 
excited  by  the  sight  of  such  objects  than  by  written  descriptions  even  when 
understood.  In  a  collection  of  them  many  persons  to  whom  the  knowledge 
would  in  no  otherwise  come  may  recognise  substances  which  they  have  in 
abundance  at  their  own  doors,  but  of  which  they  know  not  the  use.  The 
examples  which  show  their  uses  may  prompt  attempts  to  make  them  available, 
:ind  the  collection  thus  becoming  a  school  of  mineral  arts  would  be  a  means 
of  exciting  native  indu-try.* 

*  Sir  William  Logan  in  the  Geological  Survey  report,  1851 -2,  pp.  54-6. 


523 


THK    MUSEUM     AS     AN     ADJUNCT    OF     THB    TBOHNICAL    SCHOOL. 

The  museum,  to  those  not  well  acquainted  with  its  uses  and  with  the 
•derivation  of  the  word,  is  associated  with  amusement,  but  the  amdusoi  were 
the  uncultivated  and  the  unlettered  who  went  to  the  museums,  the  places 
devoted  to  literature  and  the  fine  arts,  with  more  or  less  of  a  hope  of  instruc- 
tion as  well  as  amusement.  The  museum  itself  was  dedicated  to  the  muses 
and  maintained  by  the  lovers  of  art,  and  to  such  a  place,  well  arranged  by 
the  thoughtful  teacher,  the  earnest  student  should  be  encouraged  to  go  for  aid 
in  the  study  of  his  science,  for  recreation  when  overburdened,  and  for  as  sure 
a  way  of  reaching  his  end  as  by  oral  instruction  or  book-learning,  while  the 
mere  curiosity-seeker  will  be  sure  to  carry  away  with  him  from  the  museum, 
if  no  other  idea,  that  of  order  and  classification.  The  museum  is  the  neces-  The  muse 
sary  adjunct  to  the  technical  school,  because  it  helps  to  familiarise  the  eye  ^d?^j|^] 
ynih  colors,  forms,  associations  and  proportions  of  things  with  which  the  technical  i 
student  must  in  any  case  become  familiar.  Passing  by  and  seeing,  even  with- 
out study,  a  mineral,  a  chemical,  a  part  of  a  machine  or  its  whole,  will 
familiarise  him  with  color,  shape  and  proportion  in  a  short  time  without  effort, 
as  much  as  many  hours  of  study,  and  more  than  the  memorising  of  a  com- 
plete description  from  a  book.  Nor  is  it  enough  that  the  student  should  see 
only.  He  should  be  able  to  handle,  to  look  over  and  to  examine  samples 
and  specimens,  placing  them  in  every  position  so  as  to  become  familiar  with 
all  their  conditions,  their  weights,  their  dimensions,  their  proportions.  No 
amount  of  book  knowledge  would  make  it  possible  to  distinguish  minerals  which 
are  very  much  alike,  or  even  if  it  did,  could  only  be  acquired  at  the  expense 
of  an  unwarranted  amount  of  time,  not  in  any  way  proportioned  to  the  value 
of  the  knowledge  acquired.  Museums  in  a  technical  school  should  be 
arranged  on  a  principle  which  will  bring  out  the  relations  of  the  things  they  How  arra 
are  intended  to  illustrate.  I  am  strongly  an  advocate  of  making  all  such  *°**  ^^■** 
museums,  where  it  is  possible,  passageways  through  which  students  must 
walk  to  and  fro  in  going  to  and  coming  from  their  various  class-rooms,  and 
of  placing  on  the  walls  of  the  class  and  lecture  rooms  collections  where  the 
eye  may  rest,  even  though  it  be  for  only  an  instant,  in  the  intervals  during 
the  interruptions  of  thought.  The  eye  in  this  way  becomes  unconsciously 
femiliarised  with  objects  which  from  their  previous  familiarity  with  them, 
when  they  commence  to  study  thera  closely,  do  not  strike  the  terror  into  the 
heart  which  an  absolutely  new  and  unfamiliar  thing  sometimes  does,  thus  mak- 
ing the  subject  leas  difficult.  The  order,  the  arrangement  and  the  classification 
of  the  objects  exposed  carry  with  them  a  most  useful  lesson,  which  is  uncon- 
Bciously  absorbed  and  teaches  systematic  methods  better  than  almost  any  other 
way  in  which  they  could  be  taught.  The  museum  thus  becomes  a  powerful  The  muse 
object- teacher.  Its  instruction  is  all  the  more  emphatic  because  silent,  and  ^  '^ 
the  principles  or  facts  which  are  demonstrated  in  the  arrangement  all  the 
more  impressive  because  they  are  unconsciously  learned.  The  student  is  thus 
without  effort  made  to  think  that  this  or  that  must  of  course  be  true — we 
have  always  known  it.  It  thus  makes  the  acquirement  of  certain  kinds  of 
principles  easy,  where  they  might  otherwise  have  been  difficult  if  this  power- 
ful object-teacher,  the  museum,  had  not  been  brought  into  play.  Familiaris- 
ing the  eye  of  the  student  with  good  types  makes  knowledge  of  what  is  propor- 
tion almost  intuitive.  Beauty  then  becomes  an  element  in  his  future  design,  to 
which  his  analytical  knowledge  will  never  allow  him  to  sacrifice  strength  or 
utility.  If  the  eye  has  been  properly  trained  the  drawing  of  a  section  stands 
out  to  him  in  relief,  and  he  can  distinguish  by  means  of  it  what  is  behind  or  on 
one  side  as  well  as  what  is  shown  in  the  section  or  side  of  the  relief  which 
the  drawing  exhibits.  There  is  always  the  danger  in  teaching  from  models, 
oven  though  made  to  a  scale,  unless  the  idea  of  relative  dimensions  has  been 
taught,  that  the  real  thing  in  its  own  proper  scale  will  appear  heavy  and 
«lumsy,  and  thus  generate  the  habit  of  making  things  too  light.     This  can 
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always  be  guarded  against  by  having  the  sections  of  parts  of  full  size  where 
they  can  be  seen  and  handled.  In  my  opinion  too  little  is  made  of  museum 
education  in  this  country  and  too  little  floor  space  given  to  museuma  They 
should  be  open  throughout  the  entire  day  and  be  contained  in  well  lighted 
and  well  ventilated  rooms.  The  students  should  have  free  excess  to  them 
at  all  times,  and  should  be  encouraged  to  pass  as  much  time  in  them  as  is 
consistent  with  duties  in  other  directions.'*' 


TheinoreMe  of 
United  Stous 
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N. — MINERAL    PRODUCTION    OF    1 888. 

The  table  on  next  page  gives,  by  quantities  and  values,  the  mineral  products 
of  Canada  and  the  United  States  for  the  year  1 888.  It  does  not  include  the 
articles  of  brick,  charcoal,  coke,  fertilisers,  glass  and  glassware,  iron,  iron  ore, 
pottery  ware,  sewer  pipe  and  tile,  steel,  sulphuric  acid,  terra  cotta  and  tile  in 
the  Canadian  table  of  production,  as  these  are  properly  manufactures.  In 
commenting  on  the  total  value  of  the  minerals  produced  in  the  United 
States  in  1888  the  report  says  :  "  It  is  recognised  that  this  is  the  sum  of 
the  values  of  substances  taken  in  various  stages  of  manufacture,  and 
hence  not  strictly  comparable  with  each  other ;  still  it  is  the  most  valuable 
means  for  comparing  the  total  products  of  different  years.  The  result  is  aa 
increase  of  over  $40,000,000  beyond  the  value  of  the  product  in  1887.  In 
that  year  nearly  every  mineral  industry  showed  an  increase,  and  hence  an 
increased  total  was  evident.  But  the  fact  that  the  increase  was  so  very- 
large  was  due  to  rather  exceptional  conditions  in  a  few  important  industries^ 
and  it  could  not  reasonably  be  expected  that  a  similar  combination  of  circum- 
stances would  result  in  even  a  larger  total  value  for  1888.  Nevertheless  the 
unprecedented  stimulus  given  to  the  production  of  copper  by  an  artiiicial 
price  increased  the  total  value  of  that  product  nearly  $13,000,000,  or  nearly 
enough  to  offset  the  decline  in  the  total  value  of  pig  iron.  The  other  im- 
portant factors  in  the  increase  were  coal  and  the  other  fuels  which  followed 
the  increased  quantity  of  metals.  With  the  anticipated  decline  of  copper  to 
the  normal  demand,  a  decline  in  the  total  value  of  the  product  in  1889  will 
not  be  inconsistent  with  the  natural  development  of  our  mineral  resources.'' 

*  Prof.  Bffleston,  in  the  Transactions  of  the  American  Institute  of  Mining  Engineers, 
vol,  XVI,  pp.  G47-9. 
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GLOSSARY  OF    GEOLOGICAL    AND  MINING   TERMS. 

Accessory  Minenils —MiueTa,\»  found  in  crvdtalline  rooks  in  such  small  proportioDS  that  their 
absence  would  not  alter  the  lithological  name  of  the  rock. 

Acid  Rock— A  rock  containing  much  silicic  acid  (free  silica),  as  opposed  to  basic  rock  in  which 
the  alkaline  bases  predominate 

Adit — A  horizontal  tunnel  or  gallery  driven  from  the  open  air  on  the  side  of  a  slope  or  bluff 
into  a  mine. 

Aerolites— M.eteoTic  masses  of  metallic  or  other  mineral  substances  which  have  fallen  to  the 
earth  through  the  air.     The  metallic  aerolites  consist  principally  of  metallic  ir*n, 
nickel  and  chrome,  and  the  non-metallic  of  crystalline  rocks  resembling  greenstones  ; 
others  consist  of  mixtures  of  these. 

Agglomerate— PiXi  accumulation  of  more  or  less  rounded  fragments  of  rock  in  an  old  volcanic 
vent  or  immediately  connected  with  a  volcano,  the  rounding  having  been  due  to 
friction  in  the  volcano  and  not  to  the  action  of  water  as  in  the  case  of  conglomerate. 

A  /6i<<:— Soda  felspar ;  a  silicate  of  alumina  and  soda.     Crystallisation,  triclinic. 

Alluvium  -  Recent  aqueous  deposits  of  silt  or  mud. 

Alumina — Oxide  of  aluminium.  Pure  crystalline  alumina  is  represented  by  corundum, 
sapphire  and  ruby.  The  commonest  form  of  alumina  is  as  a  silicate,  of  whieh  clays 
are  mostly  composed,  and  as  the  compound  silicates  of  aluminium  and  other  metal?, 
of  which  a  very  large  class  of  minerals  is  formed. 

Amalgam— A  combination  of  mercury  with  another  metal,  eepecially  gold  or  silver. 

Amalgamation— The  process  of  uniting  mercury  with  gold,  silver,  etc. 

^morpAouj— Without  form  ;  applied  to  rocks  and  minerals  having  no  definite  structure. 

Amphibolitc — See  Hornblende. 

Amygdaloid — An  igneous  rock  containing  almond-shaped  kernels  of  minerals  s^ch  as  quartz 
or  agate,  calcspar,  etc.,  which  have  resulted  from  the  filling  up  of  vesicular  cavities 
that  originally  existed  in  these  rocks,  due  to  the  expansion  of  gases  in  them  while 
still  hot  and  in  a  soft  condition. 

^noHAttf— Lime-felspar  ;  a  silicate  of  alumina  and  lime';  crystallisation,  triclinic. 

Anthracite — Or  hard  coal ;  a  variety  of  coal  from  which  nearly  all  the  bitumen  has  been 
driven  off  by  a  process  of  natural  coking,  leaving  the  fixed  carbon  and  the  ash. 

Apatite — Mineral  phosphate  of  lime.  It  is  usually  of  various  shades  of  green  and  bluish 
green,  brownish  red  and  light  gray.  It  occurs  in  grains  and  small  crystals  in  nearly 
all  trappean  rocks,  in  granites,  gneiss,  etc.  In  the  Ottawa  valley  and  the  region 
between  Kingston  and  Ottawa  it  occurs  in  economic  quantitira,  associated  with 
pyroxene  rock  and  crystalline  limestone.  The  first  grade  for  export  has  the  refuse 
rock  removed  so  that  the  mass  contains  80  per  cent,  and  upwards  of  pure  phosphate. 
Apatite  represents  the  fifth  degree  in  the  scale  of  hardness  of  minends. 

Aqueous  Bocks— See  Sedimentary. 

Arastra—A  primitive  contrivance  for  the  reduction  and  amalgamation  of  gold  or  silver  in 
ores.  It  consists  of  a  shallow  tub-shaped  enclosure  usually  about  twelve  feet  in 
diameter  formed  of  either  iron  or  stone.  An  upright  shaft  fixed  to  pivots  above 
and  below  stands  in  the  centre,  and  from  it  arms  extend,  to  which  horses  or  males 
are  attached.  Blocks  of  stone  attached  hj  thongs  or  chains  to  these  arms  are 
dragged  around  upon  the  stone  pavement  or  iron  plate  which  forms  the  bottom,  in 
such  a  way  that  the  front  of  the  lower  surface  of  each  block  is  slightly  raised  so  that 
it  may  pass  over  the  finely  broken  ore  and  triturate  it  upon  the  bottom.  After  grind- 
ing the  ore  to  a  pulp,  sufficient  mercury  is  added  to  amalgamate  idl  the  precious 
metal  supposed  to  be  present  «nd  the  grinding  process  is  continued  for  some  time. 

Archcean — A  term  proposed  by  Dana  and  largely  adopted  for  the  Azoic  Period  or  Age. 
or  what  had  formerly  been  called  the  primitive  rocks,  the  lowest  of  the  five  grand 
divisions  or  periods  of  geological  time.  They  embrace  the  Laurentian  and  Huronian 
systems  and  are  sometimes  also  called  the  Pre-Cambrian  rocks.  See  AzoiCt  LaurerUian 
and  Huronian. 

Arenaceous— Qajidy  ;  rocks  composed  of  sand  or  containing  sand  along  with  other  ingredients, 
as  arenaceous  limestone. 

Argeniifiruus-CaTryingBilyer ;  silver-bearing. 

Argentite  Sulphide  of  ailwer ;  contains  86^  per  cent,  of  silver  and  13^  of  sulphur;  heavy 
blackish-gray  in  color,  malleable,  easily  cut  by  a  knife ;  it  is  an  important  ore  of 
silver,  common  in  the  Thunder  Bay  silver  region. 

Argillaceouc—Coutskimng  clay,  either  soft  or  hardened,  as  in  shale,  slate,  argillite,  etc 
Artesian  WclU—T>eep  wells  bored  through  the  solid  strata.    In  properly  selectcMl  situationi 
the  water  generally  rises  in  them  to  the  surface,  or  flows  over. 

Asbestos— A  fibrous,  flexible  variety  of  hornblende.  Chrysotile,  a  fibrous  variety  of  serpen* 
tine,  is  also  called  asbestos.  It  fuses  at  a  lower  temperature,  but  for  steam^pAcking 
answers  the  same  purpose  as  true  asbestos. 

Assaying — Finding  or  determining  the  proportion  of  metals  in  ores  by  smelting  in  the  way 
appropriate  to  each.  Gold  and  silver  require  an  additional  prooau  called  cupelling, 
for  the  purpose  of  separating  them  from  the  base  metals. 
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JLUUude—Posiiion,  aspect,  d^p,  conformation,  structure. 

JLuriferous—OArr^ing  gold  ;  gold-bearing. 

Azoic — Without  life.     Applied  to  all  the  ancient  crystalline  rocks,  because  they   show  no 

evidence  of  the  existence  of  life  on  the  earth  at  the  time  of  their  formation. 
Back-- A  joint  or  dry  fissure  from  which  the  rock  in  front  may  be  separated.    The  ground  in 

a  mine  between  a  level,  drift  or  adit  and  the  surface. 
Bar  y  Us — Sulphate  of  barium;  also  called  heavyspar,  from  its  high  specific  gravity.     When 

finely  ground  it  is  used  as  a  substitute  for  white  lead  paint,     it  occurs  af»  a  veinstone 

and  IS  abundant  in  some  of  the  veins  between  Thunder  bay  and  Pigeon  point. 
BoiaU —Igneou>i  rock  having  a  columnar  structure  like  that  of  the   Giant's  causeway  in 

Ireland.      Lith»logically,  basalt  is  closely  allied  to  diabase. 
Basin— In  geology,  where  strata  dip  from  all  sides  towards  a  central  point  or  line;  also 

called  a  synclinal  or  trough  as  opposed  to  anticlinal  or  dome,  where  the  rocks  dip 

away  from  a  common  line  or  point. 
Basic  Roek—X  rock  in  which  the  alkaline  bases  predominate  over  the  free  silica. 
Battery— A  set  of  stamp-heads  working  in  the  same  mortar  box. 
Bed— A  layer  or  stratum  of  rock  of  a  uniform  character.    It  may  be  sep.irated  by  mere  lines 

of  bedding  or  partings  from  others  like  it,  or  it  may  be  associated  with  beds  which 

differ  from  it  in  color,  texturts  composition,  etc. 
Bedding—See  Stratification. 
Bedfoek—The  solid  rock  underlying  auriferous  gravel,  sand,  clay,  et<>..  and  upon  which  the 

alluvial  gold  rests. 
Belt — A  tenn  used  in  the  description  of  the  geographical  distribution  of  strata,  especially  if 

incline!  strata,  to  indicate  a  zone  or  band   of  a  particular  kind  as  exposed  on  the 

surface. 
Bitumen — Mineral  pitch  ;  it  is  comjiosed  of  carbon  and  hydrogen. 
Biiuminoun—ConiAinxn^  disscmiuattni  bitumen  or  its  elements,  whicli  may  generally  be  dis- 

tinguishtMl  by  the  dark  color  or  the  odor. 
BUuminifcrous — Carrying  free  bitumen. 
BUterspar—A\wy  called  Pearlspar.     The  crystalline  form  of  c:iirb(»nateof  lime  and  magnesia ; 

the  pure  form  of  dolomite.     It  consists  of  one  part  or  equivalent  of  carbonate  of 

lime  and  one  of  carbonate  of  magnesia. 
J9la6l;-«/a<ri;  -  Dark  varieties  of  zincblende  or' sulphide  of  zinc.     It  has  a  resinous  lustre  and 

yields  a  light  colored  streak  or  nowder. 
Blaek'Lead— The  vulgar  name  for  graphite,  because  it  gives  a  mark  on  wood  or  paper  like 

that  of  metallic  lead.    Graphite  is  also  called  plumbago  from  the  same  circumstance. 
Stack  Sand— He&vy  particles  consisting  of  black  oxides  of  iron  which  accompany  alluvial 

Blende — Without  any  qualification  means  zincblende  or  the  sulphide  of  zinc,  which  has  the 
lustre  and  often  the  color  of  common  resin,  and  yields  a  white  streak  and  powder. 
The  darker  varieties  are  called  black-jack  by  the  English  miners.  Other  minerals 
having  this  luntre  are  also  called  blendes,  as  antimony-blende,  ruby-blende,  pitch- 
blende, hornblende. 

Blood-stone — A  dark  green  variety  of  chert  or  jasper  with  small  red  spots. 

Bog  Iron  Ore  —A  spongy  variety  of  hydrated  oxide  of  iron  or  limonite.  Found  in  layen  and 
lumps  on  level  sandy  soils  which  have  been  covered  with  swamp  or  bog. 

Boulder— A  loose  mass  of  rock,  usually  more  or  less  roundt^d,  and  larger  than  a  pebble  or  a 
cobblestone,  or  say  more  than  a  foot  in  diameter. 

Boulder- Clay— The  stifif,  hard  and  usually  unstratified  clay  of  the  drift  or  glacial  period,  which 
contains  boulder!<  scattered  through  it ;  also  called  till,  hardpan,  drift-clay,  or 
simply  drift. 

Brace — The  platform,  collar  or  landing  at  the  mouth  of  {^  shaft. 

Breccia— A  rock  formed  of  angular  fragments,  whereas  in  a  conglomerate  the  fragments  are 
rounded. 

Brown  Goal— A  name  given  to  lignite.    (See  Coal). 

Buddie— A  circular  tub,  pit  or  enclosure  for  separating  finely  divided  ores  from  the  waste  by 
means  of  water.  The  surface  of  the  accumulated  ore  in  the  buddle  is  either  convex 
or  concave,  according  as  it  is  fed  from  the  centre  or  periphery,  and  is  raked  by  revolv- 
ing bruKnes. 

Bukr-Stone-A  spongy  silicious  rock  used  for  millstones.  The  kinds  most  in  use  come  from 
Tertiary  strata  in  France. 

Buneh— In  mining,  an  irregular  mass  of  ore  of  considerable  size. 

Caen-Stone— A  fine-grained  cream-colored  magnesian  limestone  from  Caen  in  Normandy.  It 
is  so  soft  when  freshly  quarried  that  it  may  be  cut  by  a  saw,  but  hardens  on 
exposure.     Much  esteemed  as  a  building  stone. 

Cage— A  frame  in  which  tram-cars  are  lowered  and  raised  in  mine  shafts. 

CainozoicSee  Tertiary, 

Calanune— The  natural  carbonate  of  zinc  ;  one  of  its  most  easily  reduced  ores  ;  occurs  both 
in  beds  and  veins,  mostly  in  the  Carboniferous  and  higher  rocks. 

Ca//;areou«— Containing  carbonate  of  lime,  as  calcareous  sandstone,  or  composed  of  it,  as  cal- 
careous spar  or  calcspar. 

CaleareouM-Tufm-A.  spongy,  porous  or  vesicular  deposit  of  carbonate  of  lime  from  water.  It 
often  incrusts  vegetable  and  animal  substances,  which  are  thus  said  to  be  petrified. 
Wlien  the  carbonate  of  lime  is  deposited  in  a  more  solid  form  it  is  called  travertine 
or  calc-sinter.    Stalactites  and  stalagmites  are  of  this  nature. 

Calccdony —See  Chalcedony. 

Cdlciferous-GMTjing  carbonate  of  lime. 

Calc-Spar—See  Calcareous, 
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(7a/ctn/)i(7~Bumiiif^  or  roasting  ores  or  other  minerals  as  part  of  their  treatment  for  smelting^ 
crushing  or  otherwise  utilising  them. 

Cam— A  projection  from  a  revolving  horizontal  shaft  for  raising  the  stamp  by  catching  the 
lower  surface  of  the  tappit  or  collar  surrounding  the  rod  on  which  the  stamp-head  is 
hung.  The  upper  side  of  the  cam  has  an  easy  curve,  such  as  a  parabola,  so  that 
when  it  strikes  the  tappit  it  may  not  jar  it  when  the  lifting  movement  begins. 

Cam-shaft— X  strong  horiz«>ntal  revolving  shaft  to  which  a  number  of  cams  are  attached  in 
such  a  manner  that  no  two  of  them  may  strike  the  tappits  at  the  same  instant,  thus 
distributing  the  weight  to  be  lifted, 

Cam6ruin— Derived  from  Cambria,  the  ancient  name  of  Wales.  The  name  given  by  the  late 
Professor  Sedgwick  of  the  University  of  Cambridge  to  the  most  ancient  system  of 
fossiliferous  rocks. 

Canon — A  ravine  or  gor^e,  generally  on  a  large  scale. 

Cap,  Cap-rock— Xn  unscientific  term  used  to  indicate  the  country  rock  by  which  a  vein  i» 
pinched  at  the  surface. 

Car6onaoco««~ Coaly,  or  containing  coaly  matter. 

OaHfoniferous  -  Coal-bearing. 

Carboniferous  System -The  system  of  rocks  which  succeeds  the  Devonian  or  **  Old  Red  Sand- 
stone," and  precedes  the  Permian  or  "New  Red  Sandstone."  It  is  characterised 
by  its  containing  workable  seams  of  true  coal. 

Carndiaji— One  of  the  varieties  of  chalcedony- -originally  only  the  red,  but  now  of  any  color. 

Cashuj —The.  lining  of  a  shaft,  the  tubing  of  ft  well ;  also  applied  to  the  decomposed  matter 
sometimes  found  between  a  vein  and  the  wall-rock. 

Crtirrm>M.v— Containing  cavities  or  caverns,  sonaetimes  quite  large.  Most  frequent  in 
limestones  and  dolomites. 

CV/c«^ J n<?— Sulphate  of  strontium— a  mineral  which  resembles  barytes  in  itK  high  speci6c 
gravity  and  is  often  mistaken  for  it.  it  may  be  used  for  many  of  the  same  pur- 
poses in  the  arts. 

Cevunt— The  calcareous,  silicious,  ferruginous,  etc.,  matter,  cementing  together  gravel,, 
broken  fragments  of  rock,  etc. 

Cerussite— Natural  carbonate  of  lead,  which  sometimes  occurs  in  economic  quantities. 

CAa/c<?(/onji/— Translucent  varieties  of  quartz,  such  as  carnelian,  agate,  silicious  sinter,  etc. 

CAa/^- Originally  and  properly  tlie  soft  amorphous  variety  of  limesU)ne  of  the  cretaceous 
system  used  for  marking,  but  n(»w  also  apfjlied  to  other  substances,  as  red  chalk  or 
clayey  oxide  of  iron,  French  chalk  or  steatite  or  soapstone. 

Chalybeate  -  Irony  ;  waters  containing  iron,  usually  the  carbonate  of  iron  m  solution,  are 
called  chalybeate. 

Chert  — Pl  brittle  nearly  opaque  variety  of  flint.  It  generally  occurs  as  nodules  or  thin 
irregular  beds  m  limestones. 

Chlorite— A  soft,  dark  green  mineral,  entering  largely  into  the  composition  of  chloritic 
schist.  It  is  a  silicate  (»f  alumina,  magnesia  and  iron,  and  has  a  peculiar  earthy 
odor  when  freshly  broken  and  breathed  upon. 

Cinnabar — Sulphide  of  mercury.  A  very  heavy,  red,  granular  crystalline  mineral,  g\vinf(  a 
bright  red  streak  and  easily  reduced  to  metallic  mercury. 

Claim— Any  area  of  mining  ground  staked  off  or  held  in  accordance  with  the  regulations  of 
the  district  in  which  it  is  situated. 

C/a9^{C —Broken,  fragmental ;  a  rock  composed  of  pieces,  or  of  fine  grains  which  have  been 
formed  by  the  breaking  down  of  pre-existing  rocks,  as  opposed  to  crystalline  and 
other  rocks  which  have  been  formed  from  the  cooling  of  molten  matter  or  from  the 
alteration  of  sedimentary  rocks  to  such  an  extent  as  to  obliterate  all  traces  of  an 
original  fragmentary  origin. 

Clay-Ironstone— Cl&yey  carbonate /of  iron.  A  heavy  compact  or  fine  grained  clayey  look- 
ing stone,  occurring  in  nodules  and  uneven  beds  among  carboniferous  and  other 
rocks.  It  contains  only  20  to  30  per  cent,  of  metal,  and  yet  much  of  the  iron  pro- 
duced by  Great  Britain  is  made  from  it. 

Cleaning -up  -The  process  of  collecting  together  the  metal  or  ore  which  has  accumulated  in 
the  various  contrivances  for  saving  it  by  mining  machinery. 

Cleavage  -The  property  possessed  by  slates  an^  schists  of  splitting  in  one  direction,  which 
may  or  may  not  correspond  with  the  bedding.  It  is  believed  to  have  been  produced 
by  great  pressui  e  acting  at  right  angles  to  the  cleavage-planes,  which  has  had  the 
effect  of  forcing  the  longer  diameters  of  all  the  particles  into  parallel  |K>8itionB  oor- 
resi)onding  with  the  cleavage.  When  the  cleay age- planes  are  quite  parallel  the  rock  i» 
called  a  slate,  but  when  only  approximately  so  and  the  rock  breaks  into  irregularly 
lenticular  and  wedge  shaped  pieces  it  is  a  schist.  A  schistose  structure  is  believed 
to  have  been  developed  by  pressure  and  shearing  in  certain  crystalline  rocks,  such  aa 
diorite,  which  might  have  otherwise  remained  massive  or  homogeneo^is. 

Co«^— Mineralised  vegetable  matter.  The  vegetable  matter  appears  to  have  first  taken  the 
form  of  peat,  then  lignite,  and  finally  bituminous  coal.  .The  latter  by  the  loss  of  its 
bitumen  nas  in  same  places  been  converted  into  anthracite  or  hard  coal.  Lignite 
gives  a  brown  powder,  coal  a  black.  Lignites  contain  a  considerable  percenti^  of 
water ;  bituminous  coal  only  5  per  cent,  and  less.  Bituminous  coals  will  ooke« 
lignites  will  not.  Coals  and  lignites  contain  the  ashes  of  the  plants  from  which 
they  have  been  formed,  and  also  mineral  matter  brought  by  water  before  they  be- 
came consolidated. 

Cobble-Stones— Smooth  flattened,  rounded  or  elongated  stones,  larger  than  pebbles  and  smaller 
than  boulders.  They  form  durable  street  pavements  by  being  set  on  edge  close 
together. 
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Cokf — When   the  bitumen  18  driven  out  of  coal  by  heating  it  out  of  contnct  with  air,  as  in 

ovensconHtructed  fi>r  the  pur|><>9e,  th«!  rt*»idne  i»  called  coke. 
Ct^or— -Minute   particles  of  ^old  obtained  b}'  panning^  and  t  >o  ^rnall  for  their  value  to  be 

estimated . 
Columnar  -Re-temblin^  columns.      The  cliffn  of  trappean   rocks  or  dial)a8e8  of  Thunder 

cape,  lake  Ni[>igon  and  the  country  north  of  Black  bay  have  a  columnar  structure. 
Contpaei—K  rook  i«  said  to  be  compact  when  the  grains  are  too  fine  to  Ix*  visible  ;  jasper 

and  lithographic  stcme  are  examples. 
Cotupfex  -In  mineralo{o\   c«»ntaining  many  ingre<Jieni^,  C(>mi>ound  or  composite.      Some 

United  Staten  geoh^ists  use  the  word  as  a  noun  to  indicate  a  complex  set  of  rocks 

folded  tfjgether,  or  intricately  mixed,  involved,  complicated  or  enlarged. 
CviirAoK/a^— Shell-shai>ed.  The  more  compart  rockx  such  as  flint,  arg^illate,  felsite,  etc.,  break 

with  concave  and  convex  surfaces  and  are  therefore  said  to  have  a-  conchoidal 

fracture. 
Oonertiion<jirii  -  -Tending  to  grow  together.      Particles  of  like  chemical  composition,  when 

free  to  move,  come  together  and  form  nodules  of  various  sizes  and  shapes  which  are 

called  concretions.     Clay  and  ironstone  nodules,  balls  of  iron  pjTites,  turtle  stones, 

etc.,  are  good  ♦examples.     Some  greenstones  exhibit  c  mcretionary  structure. 
Confornutbh  —When  \xh\*  or  strata  lie  upon  one  another  in  imbroken  and  parallel  order  they 

are  said  to  be  conformable,  and  this  arrangement  shows  that  no  disturbance  or 

denu  lation  has  taken  place  at  the  locality  while  their  deposition  was  going  on.    But 

f  €>ne  set  of  l>eds  rests  up«)n  the  eroded  or  thn  u])turned  edges  of  another,  showing  a 

change  of  conditions  or  a  break  between  the  formati(mH  of  the  two  sets  of  rocks,  they 

are  said  t(»  be  ui)c<mformable. 
Conglomerate— X  rock  U)rmed  largely  of  rounded   i)ebblea  and  stones,    he'd   together  by  a 

matrix  or  ))aste  of  any  composition. 
ConteiHpuranfi,mf  -Kxi-iting  together  or  at  the  same  time. 
Cbntortfr/— Bent  or  twi-nted  t<igethor.      t7sed  where  strata  are  very  much  folded  or  crumpled 

on  a  considerable  scale.     If  on  a  small  scale  they  are  said  to  be  corrugated. 
Contact  IV/n— See  Vtin. 
Contraeiion— Shrinking.     R«»cks  in   passing  from  a  vitreous  to  a  cystalline  texture  shrink 

considerably,  w  hich  mav  account   f«>r  the  subsidence  of  certain  arens.     The  whole 

globe  of  the  earth  has  shrunk   by  C(X)ling.      This  contraction  is  a  cause  of  volcanic 

action. 
Coproiite  -A  mece  of  ix'trilied  dung. 
Cffmiffate*i—When   beds  on  a  small  hcale  are  much  wrinkled,  folded  or  crumpled,  they  are 

said  to  Ih*  corrugated.     On  a  larger  scale  they  are  said  to  be  contorted. 
Country^  Country  Ji*/ck— The  general  rxrk-mass  in  which  mineral  veins  or  de|)osits  are  held. 
Cradle— A  wooden  1»  'X,  longer  than   wide,  pn»vided  with  a  movable  frlide  and  hopper^  and 

mounted  on  two  rockers.     It  is  used  for  washing  gold-bearing  earths. 
Crater— Tho  cup-8haiH*d  orifice  of  a  volcano. 
Cfreck  —In  Canada  brooks  are  often  called  creeks. 
Crtep  —In  mining,  the  gra^Iual  relative  movements  of   rocks  owing  to  the  removal  of  support 

by  excavations. 
CrtittcfOH*  S\i*tt'm--Tt\e  system  of  rocks  next  above  the  Permian,  so  called  from  the  abund- 
ance of  chalk   which   it  contains   in    England.      In  America  the  same  system  as 

recognised  by  its  fossils  holds  but  little  chalk. 
Cr^jp  (it  Outcr'//f—Ti\o  coming  to  the  surface  or  exi)«)sure  o   a  rock. 
CrtfM-C<mnif  —  \  vein  crossing  the  general  course  of  a  more  important  one. 
CroiM-Cut  —A  drift  or  level,  <iriven  across  the  course  of  a  vem  or  tilted  bed,  generally  for 

the  purpose  of  intersecting  it  or  of  ascertaining  its  width  or  richness. 
Cruahintj  -R»iliicing  ores  or  quart/,  by  stamping  or  passing  through  rolls. 
Cruthimj-Miff-  The  same  as  stamp  mill  (which  see). 
Crj/tfiitr — A  soft  white  translucent  mineral  which  melts  in  ordinary'  flame.     It  consists  of 

fluoridi*  of  siKiium  and  aluminium,  and  is  valuable  for  the  manufacture  of  carbonate 

of  S4xla  and  «>f  metallic  aluminium.     Itoccursin  veini^  in  gnei'is  in  West  Greenland, 

and  may  Ix'  liKiked  for  among  the  gneisses  of  Canada. 
Cryatah  —The  various  g*»i»ni-»tric  forms  assumed  by  nearly  all  the  solid  cln»mical  elements  and 

definite  compouudM,  whether  natural   r>r  formed   artifically.      The  countless  modi - 

ficationn  of  crystalline  foniis  are  all  groui>ed  under  six  syst<'ms. 
Cryntailinr  Hnrkif    Consi-ttiM^r  of  cry.-talline  partitiies «>r  gr.iins  ;    when  the  latter  are  di>*tinct 

the  rock  is  said  to  1»»*  crystalline-granular. 
Cry*tnHi>ijraf»hfi  -The  description  «  r  science  of  crystals. 
Cupriferous  -Cop|M'r-l>earing. 
Z>rt/np  — Miners  in  Knglan<l  call  ga.<«es  "damp*";  carlxmic  acid  ga.<  is  choke-damp,  and  light 

carburetU'd  hydrogen  i-*  tip'-damp. 
/had  (rroninl~Kf*ck  in  a  mine   which,  althou/h  producing  no  ore,  re  luires  to  be  removed  in 

order  to  get  at  productive  gnmnd. 
D  cfm/Mnttfinn  -The  breaking  up  or  decay  of  compounds  into  simpler  chemical  f«)rms. 
Ikcrtpitntinn  — Tlie  breaking  up  with  a  crackling  n«»ise  of  mineral  substances  when  exi>osed 

t">  heat,  as  when  conmon  salt  is  thrown  upf>n  the  tire. 
Dltn  -Tlie  alluvial  islands  at  the  mouth  of  a  river,  which  generally  have  a  triangular  form 

like  that  of  the  (irVek  letter  delti.  '  •  •» 

Im  nudatinn  -The   washini;  down  of  surface  deposits  so  as  to  lay  bare  underl^'ing  formations. 

This  washing  away  in  one  place  is  associated  with  the  idea  of  deposition  in  another. 
Or />rm<— Anything  laid  down.       Formerly  applied  to  matter  left  by  t-ne  agency  of  water. 

but  now  maie  to  include  ali«omineraI  matter  in  any  form,  and  precipitated  by  chemical 

or  other  agencies,  as  the  ores,  etc.,  in  veins 
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Detritus  — Accumalattons  deriyed  from  the  weftring  down  of  rock  sorfacee. 

Devitrtjioation—The  change  from  a  glassy  to  a  crystalline  state. 

Devonian  System— The  geological  system  of  rocks  above  the  Silurian  and  below  the  Car- 
boniferous ;  so  called  from  Devonshire.  In  Scotland  it  was  called  the  Old  Red 
Sandstone. 

Diabase  —A  dark  green,  greyish  green  or  nearly  black  igneous  rook,  one  of  the  "  green- 
stones," consisting  of  a  triclinic  felspar,  augito  (or  pyroxene)  and  usually  some 
olivine,  with  magnetic  or  titaniferous  iron,  apatite  and  iridite  as  accessory  minerals. 
It  occurs  as  dykes,  beds,  overflows  and  irrupted  sheets  and  masses,  and  it  may  be 
coarsely  or  very  finely  crystalline.  It  is  common  in  all  the  above  forms  around 
lake  Superior  and  north  of  lake  Huron.  Diabase  differs  from  basalt  in  having 
undergone  certain  interval  mineralogical  changes,  without  however  affecting  lU 
general  chemical  composition,  which  is  the  same  in  both.  Some  varieties  of 
amygdaloid  have  the  composition  of  diabase. 

Diagonal  Stratification— PCi»o  called  false  bedding  and  current  bedding.  Many  sands  and 
sandstones  are  marked  bv  lines  of  subordinate  stratification  running  through  the 
main  bedn  at  various  angles  to  their  planes  ;  these  are  due  to  currents  at  the  time 
of  deposition,  and  they  have  receitred  the  above  names. 

Diallage — A  very  cleavable  variety  of  augite  or  pyroxene.  Gabbro  or  Diallage-rock  is 
comprtsed  of  this  mineral  and  a  tricliuic  felspar. 

Diluvium  -Accumulations  of  gravel,  etc.,  supposed  to  be  the  result  of  the  extraordinary  or 
violent  action  or  *' wasning  asunder  "  of  water  as  opposed  to  alluvium,  the  deposits 
resulting  from  the  gentler  operations  of  water. 

Diorite  —A  crystalline  igneous  rock,  outwardly  resembling  diabase,  and  also  called  "green- 
stone,"  but  being  composed  of  a  triclinic  felspar  and  hornblende,  generally  with 
some  magnetite  and  apatite  a^<  accessory  minerals.  Diorite  occurs  in  the  same  man- 
ner as  diabase,  an<l  is  a  common  rock  north  of  the  great  lakes  of  the  St  Lawrence. 
It  is  ditticult  or  often  impossible  to  distinguish  it  from  diabase  without  microscopic 
examination.  There  are  several  varieties  of  diorite,  the  principal  of  which  are 
(piartz-diorite,  containing  free  quartz,  mica  diorite,  containing  black  mica  often 
abundantly,  diorite-porphyry  or  iwrphyritic  diorite,  in  which  some  of  the  felspar 
or  hornblende  is  in  the  form  of  large  crv(»tals  among  the  smaller  ones.  Both  diorite 
and  diabase  sometimes  assume  a  coarsely  concretiimary  structure. 

Dip  —The  angle  at  which  beds  or  strata  are  inclined  from  the  horizontal,  while  underlie  is 
the  angle  formed  between  a  vein  and  a  perpendicular  line.  The  first  is  ageol(^ist*8 
term,  the  second  a  miner's. 

Disintegration  —The  breaking  a^^under  and  crumbling  away  of  a  rock,  due  to  the  action  of 
moisture,  heat,  frost,  air,  and  the  internal  chemical  reaction  of  the  component  parts 
of  rocks  when  acted  upon  by  these  surface  influences. 

Dislocation— X  shifting  of  the  relative  position  of  the  rock  on  either  side  of  a  crack  or  break. 
It  may  be  up,  down  or  to  one  side.  Equivalent  to  slip,  slide,  fault,  throw,  heave, 
upthrow,  downthrow,  trouble. 

Disseminated  -To  be  scattered  or  diffused  through ;  to  be  permeated  with. 

Disturbance —'^hen  the  rock  has  been  bent  or  faulted,  or  in  any  way  disturbed  from 
its  original  ix>.sition. 

Divide^  Dividing-range— The  water-shed  or  height-of-Iand  from  which  the  heads  of  streams 
flow  in  opposite  directions. 

Divisional  Planes— Vl&nes  which  divide  rocks  into  separate  masses,  large  or  small,  in  the 
same  way  as  joints,  fissures  and  backs. 

D>jUrite—A  crvstalline  igneous  rock  having  the  composition  of  basalt  and  diabase,  but 
formerly  supposed  to  belong  to  newer  rocks.  This  distinction  has  not  been  main- 
tained. The  term  is  now  used  to  distinguish  the  coarser  grained  varieties  of  basalt 
in  which  the  component  minerals  may  be  distinguished  by  the  naked  eye. 

Dolomite  —A  rock  consisting  of  carbonate  of  lime  and  carbonate  of  magnesia  in  the  proportions 
of  one  chemical  equivalent  of  each,  also  called  magnesian  limestone.  It  occurs  in  a 
great  many  crystalline  and  non-crystalline  forms  the  same  as  pure  limestone,  and 
among  rocks  of  all  geological  ages.       When  calcined  it  answers  for  most  of  the  pur- 

f)oses  of  ordinary  lime.  But  in  the  caustic  form  it  would  be  unfit  for  putting  upon 
and  as  a  manure.  When  the  carbonate  of  magnesia  is  not  present  in  the  above 
proportion  the  rock  may  still  be  called  a  magnesian  limestone,  but  not  a  dolomite, 
strictly  speaking. 

Drift— In  geology,  includes  all  loose  or  superficial  deposits  which  may  be  supposed  to  have 
been  *'  driven,"  within  the  regions  which  have  come  under  the  influence  of  the  glacial 
drift,  but  more  properly  restricted  to  the  boulder  clay  or  till.  In  mining,  a  level, 
gallery  or  tunnel  which  does  not  come  out  to  the  open  air. 

Druse— A  cavity  in  a  vein  or  rock  lined  with  crystals. 

Z>ump -A  refuse  pile  at  a  mine.  It  consists  of  the  gangue  from  which  the  ore  has  been 
cobbed,  dead  rock,  eto. 

Dunes  —Heaps  of  blown  sand. 

Dyke-- A  mass  of  igneous  or  intrusive  rock  which  has  been  injected  in  a  soft  state  between 
the  walls  of  a  fissure.  Dykes  are  sometimes  very  wide,  and  these,  as  well  as  nar- 
rower ones,  often  run  for  long  distances.  When  the  enclosing  rock  has  weathered 
away  they  stand  up  like  walls,  for  which  dyke  is  the  Scotoh  name. 

Earth's  Crust— The  external  part  of  the  earth,  accessible  to  geological  investigation.  Ths 
use  of  this  term  does  not  necessarily  imply  that  the  rest  of  the  eaith  is  not  also 
solid. 

Earthquake— A  local  trembling,  shaking,  undulating  or  sudden  shock  of  the  surface  of  the 
earth,  sometimes  accompanied  by  Assuring  or  by  permanent  change  of  leveL     Earth- 
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quakes  are  most  common  in  volcanic  regions,  but  often  occur  elsewhere,  as  along  the 

junction  of  the  Laurentian  and  Paleozoic  rocks  in   the  lower  St.  Lawrence  and 

Ottawa  valleys. 
Economic  Minerals— Any  minerals  having  a  commercial  value. 

JBlvan — A  Cornish  term  for  a  crystalline,  granular  mixture  of  quartz  and  orthoclase.  consti- 
tuting a  variety  of  quartz  porphyry.     Elvan  courses  are  veins  of  this  rock  which 

occur  in  the  vicinity  of  granite  m  Cornwall, 
^m^ry— Properly  a  variety  of  corundum  from  cape  Emeri  in  the  island  of  Noxos,  but 

generally  ufied  to  signify  the  powder  of  corundum,  a  mineral  consisting  of  alumina 

alone  and  ranking  next  the  diamond  in  hardness. 
Engine  Shaft— VBually  the  principal  shaft  in  a  mine,  and  the  one  at  which  the  hoisting 

and  pumping  are  done. 
Eocene  —The  oldest  division  of  the  tertiary  system.     This  name  was  introduced   by   Sir 

CharleM  Lyell,  and  means  the  dawn  of  the  recent. 
Epidote—A  hard  mineral,  usually  of  a  grass-green  or  a  yellowish  green  color,  common 

among  gneisses,  greenstones  and  certain  schists. 
Epidosite— An  intimate  mixture  of  epidote  and  quartz  forming  an  exceedingly  hard  and 

tough  r(x;k. 
Equivalent— Vt^ed  in  geology  in  regard  to  rocks  of  corresponding  age  in  regrions  far  from 

each  other.     In  chemistry,  that  proportion  of  a  simple  element  or  of  a  compound 

which  will   unite  chemically  witn  the  corresponding  equivalent    of  some    other 

element  or  compound.       These  proportions  are  always  definite,  no  more  or  no  less 

being  admitted. 
Eroiion— The  gnawing  or  wearing  away  of  rocks  by  means  of  denuding  agencies.    The 

disintegrating  processes  already  referred  to  soften  the  rocks,  which  are  then  removed 

by  the  agency  of  ice  or  water  aided  by  gnivitation,  etc. 
Erratic  -A  name  often  given  to  transported  boulders. 
Eruption— A    violent  breaking  forth  to  the  surface  of  pent-up  matters,  such  as  lava,  volcanic 

ashes,  stones,  mu<l,  water,  etc. 
Etcarpment—A  perf)endicular  cliff,  especially  of  stratified  rock. 
Exfoliate — To  fall  off  in  leaves  or  scales,  as  some  rocks  do  by  weathering.     In  this  way  the 

concretionary  structure  of  some  kinds  of  greensttmes  is  well  brought  out,    the 

weathere^l  surface  showing  only  rounded  masses  with  the  successive  spherical  layers 

falling  off. 
Faoe—A  per)>endicu]ar  wall  of  rock  ;  th*  end  of  a  drift,  etc.  in  a  mine. 
^ati/<~The  displacement  of  rocks  along  a  fissure,  either  up  or  down  or  to  one  side.     See 

D'^vcation. 
Fauna — The  animals  collectively  of  any  given  age  or  region.   The  plants  are  similarly  called 

its  Flora. 
Feeder — A  small  vein  falling  into  or  joining  a  larger  one  and  often  enriching  it  or  otherwise 

affecting  its  character. 
Fd$Ue—A  compact  r«>ck  composed  of  orthoclase,  felspar  and  silica,   in   microscopic  grains. 

See  Quartz  Porphyry. 
#eff part— Several  alliea  species  of  minerals  composed  of  silicates  of  alumina  and  of  alkalies 

and  lime.     They  crystallise  in  different  systems.    The  triclinic  group  of  felspars  is 

called  collectively  plagioclase.     The  principal  species  are  orthoclase,  albite,  labra- 

dorite,  anorthite  and  oligoclase.     In  granitoid  rocks  the  felspar  grains  may  be^ 

detectel  by  the  shining  ofthe  faces  of  tne  cleavage  planes.    Those  of  labradorite  are 

marked  by  minute  parallel  ridges^ called  striee.     The  felspars  rank  sixth  in  the  scale 

of  hardness,  or  next  softer  than  quartz,  and  may  be  scratched  with  difficulty  by  the 

point  of  a  knife. 
FerruginouM — Relating  to  iron. 
Fire-clay— dhy  that  will  stand  intense  heat,     it  consists  of  silicate  of  alumina  and  is  almost 

entirely  free  from  alkalies  or  lime  ;  found  principally  among  carboniferous  and  other 

ancient  strata. 
FiuUe  —Ox\iih\e  of  being  split,  as  schist,  slate  and  shale. 
Fiuure  Vein — See  Vein. 
Fjords  -  Deep  narrow  arms  running  in  from  the  sea.     They  are  very  numerous  on  the  coasts 

of  Nrtrway,  Greenland  and  eastern  Labrador. 
Flaggy — Capable  of  being  split  into  parallel -faced  slabs  thicker  than  slates. 
IVtfcU ^Applied  to  loose  pieces  of  ore,  etc.,  which  have  been   removed  from  their  parent  site 

by  some  natural  process. 
Floor — A   hwrizont'U  rock-surface  left  by  a  joint  or  bed  ;  the  bottom  of  a  drift  or  other  work-. 

ing  in  a  mine. 
Flora  —The  pUntn  collectively  of  a  given  age  or  region.     See  Fauna, 
Flour -gold— Very  fine  gold  du»t. 
J^ouring— The  coating  of  quicksilver  with  what  appears  to  be  a  thin  film  of  some  sulphide, 

so  that  when  it  is  separated  into  globules  these  refuse  to  reunite.     The  same  trouble 

is  also  called    "sickening." 
Fltiean—X  layer  of  clay  between  a  vein  and  the  wall-rock,   supposed   to  have  been  formed. 

by  the  grinding  of  the  two  surfaces  upon  each  other  owing  to  slow  movements  ex- 

teoding  througtiout  a  great  length  of  time. 
Flume— A  wooden   trough,  sluice  or  race  for  conveying  water. 
JRuorjjMr— Fluoride  of  calcuim  ;  a  mineral  which  often  forms  veinstone  and  is  usually  finely 

ODiored-green,   purple,  yellow,  blue,  etc.     It  is  the  fourth  in  the  scale  of  hardness, 

or  next  higher  than  calcite,  and  may  be  scratched  by  a  steel  point.     It  is  commoik 

in  veins  in  the  Thunder  Bay  district. 
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Flutings— Smooth  gutter-like  channels  or  deep  HmoDth  furrows  worn  in  the  surface  of  rocks 
by  glacial  action. 

F^tti'iaaYe— Pertaining  to  rivers. 

Fiux— In  metallurgy,  any  Hubstance  added  to  facilitate  the  smelting  of  anotlier. 

Fo/io/ecf— Leaf -like.  The  meaning  is  nimilar  to  that  of  laminated,  but  the  latter  is  now 
generally  used  to  indicate  a  finer  or  more  parallel  division  into  layers,  foliated  being 
applie  J  rather  to  the  approximate  parallelism  of  the  lay«*rs  in  such  rocks  as  gneiss 
and  bchitit. 

Foot-wall  —The  rock  on  the  lower  side  if  a  vein  which  iindorlies  from  the  perpendicular. 

JPoramim/(t'ra— Minute  marine  animals  of  the  lowest  and  simplest  organisation,  but  having 
beautiful  shelly  coverings. 

[Formation— '*  A.uy  assemblage  of  rocks  which  have  some  character  in  common,  whether 
of  origin,  age  or  composition.*'  —i^//^/^.  In  chronological  geology  formations  consti- 
tute as  it  were  the  units,  and  several  formations  may  go  to  make  up  a  system  (See 
Section  i.)  The  word  is  often  loosely  used  to  indicate  anything  which  has  been 
formed  ur  brought  into  its  present  shape. 

FotjTtV— Although  this  word  means  literally  anything  "dug  up,"  it  is  now  restricted  to 
organic  remains,  and  it  ha.s  become  improper  to  speak  of  any  mere  mineral  substance 
as  a  **foRMil." 

Fracture— The  character  or  appearance  of  a  freshly  broken  surface  of  a  rock  or  mineral. 
Peculiarities  of  fracture  afford  one  of  the  means  of  distinguishing  minerals  and  rocks 
from  one  another. 

Frafjmcntarii  /2oeA-»  — Rocks  composed  of  fragments,  whether  large  or  small,  broken  from 
pre-existing  onea.     See  Clastic. 

Freestones  -Varieties  of  sandstone  which  may  be  freely  dressed  by  the  stone-cutter. 

friable— KsiHy   to  break,  ur  crumbling  naturally. 

JFucoiV/i— FoHsil  «ea  w«»ed8  ;  abundant  among  Silurian  strata. 

^a »!</<! //iCH<a/ /2(ycA*j<—ThoHe  forming  the  foundation,  substratum,  basis  or  support  of  others. 
In  Ootsrio  there  is  a  great  break  or  gap  between  the  ancient  or  fundamental  rocks 
and  the  superficial  deposits  which  rest  upon  them. 

Fuse—\  stiff  cind  filled  with  gunpowder,  etc.,  used  for  conveying  fire  to  explosives  after 
they  have  been  proyerly  set  in  the  rock  for  blasting. 

Oahbro—\n  ipieous  rock  consisting  of  a  crystalline  granitoid  mixture  of  a  triclinic  felspar 
and  diallage,  the  latter  being  a  variety  of  augite  with  perfect  cleavage  in  one  direc- 
tion. 

<jfad — A  small  wedge  for  splitting  rock.     A  similar  tool  used  bv  quarrymen  is  called  a  yln^. 

Galena— The  commonest  ore  of  lead,  of  which  it  is  the  sulphide.  When  freshly  broken  it 
has  a  bright  silvery  appearance,  from  which  it  has  oeen  called  lead -glance.  It  crys- 
tallines in  the  cubic  system  Galena  always  contains  more  or  less  silver;  too  little  to 
extract  profitably  in  the  majority  of  cases. 

Gallery  — In  mining,  a  drift,  tunnel  or  level  for  extracting  the  mineral  or  proving  the  vein  or 
bed. 

Oatujue -The  veinstone,  veinstuff  or  matrix  of  a  vein  in  which  the  metallic  contents  are 
enclosed.     The  commonest  gangues  are  quartz,  calcspar,  fluorspar,  barytes,  etc 

Oash-vcin—A   vein  which  terminates  in  every  direction. 

(/cot/c*— Rounded  hollow  nodules  ;  the  cavities  are  usually  lined  with  crystals. 

iJeology—"'  The  science  which  investigates  the  history  of  the  earth." — Geikie. 

Gey  ier— Hot  springs  which  occasionally  throw  up  boiling  water  like  fountains.  They  occur 
in  Iceland  and  the  western  states  of  North  America. 

Glaeitr — A  large  accumulation  of  ice  formed  from  snow  falling  upon  high  land  and  gradually 
sliding  to  lower  levels.     When  a  glacier  reaches  the  sea  it  gives  rise  to  icebergs. 

Glance— \  term  formerly  used  to  designate  various  minerals  having  a  splendent  lustre,  as 
silver  glance,  lead-plance,  etc. 

6'nct>i— A  foliated  crystalline  rock  of  a  general  granitoid  composition.  The  commonest 
varieties  are  mica-gneiss,  consisting  of  felspar,  quartz  and  mica,  and  hornblende- 
gneiss,  consisting  of  felspar,  quartz  and  hornblende. 

Oowa/i— A  ferruginous  crust  filling  the  upper  parts  of  p^ritous  veins  or  forming  a  super- 
ficial cover  on  masses  of  these  ores.  It  consists  principally  of  hydrated  oxide  of  iron, 
and  has  resulted  from  the  oxidation  and  removal  of  the  sulphur  as  well  ab  the 
copoer,  etc. 

Granite  —A  homogeneous  crystalline  granular  mixture  of  felspar  (mostly  orthoclase),  quartz 
an  1  mica,  showing  no  foliation  or  tendency  to  break  in  one  direction  more  than 
another.  It  may  still  be  called  granite  even  if  little  or  no  mica  be  present.  Granites 
may  have  been  of  igneous  origin,  cooled  under  great  pressure  far  below  the  surface 
of  the  earth  as  it  existed  at  the  time,  or  they  may  be  the  altered  form  of  other 
rocks. 

Granite  /VimYy— The  group  of  crystalline,  homogeneous  or  non-foliated  rogks  resembling 
granite,  such  as  syenite,  quartz-syenite,  granitite  and  all  varieties  of  granite  itself. 

</ram<c//« -Binary  granite,  composed  of  felspar  and  quartz. 

Grani$it€—A  mixture  of  orthoclase  and  oligoclase  with  a  little  quartz  and  mica. 

Granitoid  Rocks— The  granite  family  includes  rocks  which  have  a  general  resemblance  to 
granite,  such  as  syenite,  quartz-syenite,  granulite,  granitite,  granitelle,  massive 
gneiss,  etc. 

Sranulite—A  schistose  rock  composed  of  orthoplase  and  quartz  with  garnet  and'kyanite  (a 
silicate  of  alumina)  as  accessory  minerals.  Granulite  may  be  of  eruptive  origin 
notwithstanding  its  schistose  character. 
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Orapkic  frr'tnit<—X  variety  of  bio&ry  granite  in  which  the  quartz  is  dispoAed  in  the  felspftr 
in  ^iich  a  way  that  in  cro^ii  section  it  ha«*  some  resemblance  to  Hebrew  and  Arabic 
writiiif?.  and  from  this  circum»tance  it  derives  its  name. 

Orapkiii  —Ca\\&\  al-^o  black  lead  and  piumbasro,  because  it  can  be  nsed  for  marking  like  lead, 
althoicrh  tliis  metal  doe:*  nit  enter  into  its  comix>3ition.  It  consists  of  pure  carbon, 
with  .1  !»lii?ht  a<imixture  of  iron. 

Grau-riyftM  —A  niin^.-r''*  term  e^juivalent  to  the  surface. 

OraiifHf—TU^  plate  of  p''rf<»rated  metal  or  sieve  iixed  in  the  openings  in  mortar  or  stamper 
h}Kt^  in  gold  or  silver  crushing  mills. 

Ortenst'jur  —A  (general  n^nie  for  the  crystalline  granular  trap  rocks  such  as  diorite,  diabase, 
basalt,  etc..  and  is  a  convenient  term  for  use  in  the  tield  where  it  is  ditticult  to  dis- 
tingui>h  these  rocks  in.)m  one  another.     Trap  has  too  wide  a  range  of  meaning. 

Orejfveackf—X  trray  ashy  looking  rock,  consisting  of  a  mixture  of  grains  of  felspar  and  quartz 
with  ><>nie  aiiiorphorus  mineral  and  often  containing  n)unde<l  and  angular  fragments 
of  all  !»i7.»-.  fnim  that  of  peas  up  to  boulders,  of  a  quartz- felspar  rock.  These  are 
•  »ften  ^i*  abundant  as  to  constitute  a  breccia-conglomerate.  Grey  wackes  are  very 
ci>!niU"n  n>ckH  in  the  Huronian  system  frv^m  the  shore  of  lake  Huron  northward. 

^rtt— Sand:*i'>ne  in  whicli  the  grains  are  sharper  or  more  angular  than  usual. 

<Mmp— See  i>age  3. 

€hUip—A  ."*m!ill  vMilt'V  with  steep  sides,  usually  cut  out  of  clay  or  earth. 

^jl|MiiiM— S'llphatr  lit  lime,  usually  white  and  crystalline,  granular.  Selenite  is  the  pure 
cryr.t;uline  tnrm  and  splits  into  plates  which  are  very  transparent.  It  is  very  soft 
and  is  the  uiin'>ral  which  constitutes  the  second  degree  of  hardness,  talc  being  the 
tir*:.  (iypsuni  •»ccur>  in  l»eds  on  the  Grand  river  in  southern  Ontarii>  and  on  the 
yiiu,-i*'  river  in  the  n(irth»^rn  part  of  the  province. 

Stematitt  -.r  Ha  iHtiU  —  <  hx**  of  the  commonest  ores  of  iron.  It  is  the  per«»xido  or  se#qui-oxide, 
and  when  pure  contains  about  70  per  cent,  of  metallic  iron  and  30  of  oxygen.  It 
ijj  ly  r)e  ftf.viily  di>tini;ui<'heil  fro::i  magnetic  and  titnniferous  iron  ore  by  its  red 
ftr'Mk  and  |K.v.|«r,  tli**  ••thers  giving  a  black  streak.  Hematite  is  *K»metimes  mixed 
with  •*utfici»'nt  m:»ifii»'*-ite  to  cau)»e  it  t>  adhere  to  the  magnet.  The  hydrated 
variety  of  thi.^  or*-  !•»  cii.lt.-d  limonice  or  brown  hematite,  the  anhydrtnis  being  often 
di-'tinguisheil  a-*  r^d  lir-^ru  ititn.  It  contains  about  14  per  cent,  or  water  and  gives  a 
br>>wn  or  yellowish  strtrak.  It  !■<  not  always  compact — yellow  ochre,  bog  iron  ore, 
umber,  t»'rra  si»Mm:»,  etc..  being  varieties  of  it. 

Hanging -n'.i' J  The  wall  r«)ck  on  the  upper  side  of  a  vein  which  underlies  from  the  |)erpen- 
dicular. 

Hardnt4*"f  Min':riih — Minerali 'prists  hav^-  a'Kipted  a  conwnti««nal  <cale  of  hardness  for 
minernU.  It  is  divided  intj  r**n  degrees  and  thn  following  minerals  are  used  for  refer- 
ence as  standards  :  1  Talc,  2  Rock  '*alt,  '^  Calc>par,  4  Fluorspar,  5  Apatite,  G  <»rtho- 
clas*' felspar.  7  <^uart/,  i<  Topaz,  9  Corunilum,  10  Diamond.  There  is  no  scale  of 
liardne»(«  for  rocks,  which  are  generally  comi>osed  of  mixtures  of  different  minerals, 
but  <«  )me  varieties  may  l>e  referred  approximately  to  the  scale  for  minerals. 

Heave — A  miners    term  Utr  an  ui»-throw.     See  Duf/ocation, 

JffiMiP^f/Mir— Barytes  or  siilphat*;  of  barium.  Celestine  or  sulphate  of  strontium  is  also  a 
heavyspar  easilv  inntaken  for  barytes.  The  carbonate  of  barium  is  witherite ;  that 
of  strontium  is  strontianite. 

Hetght'of-Lnnl—^*^  Wntfr-sht'i. 

HenuUiU —i>*^v  Hsematite. 

Aezo^oner/— Having  six  angles,  and  conset^^uently  six  sides.  Basaltic  columns  and  crystals 
of  quartz,  apatite,  etc.,  are  examples. 

Hopper — A  ho\  in  th*-  form  of  an  inverted  pyramid  and  having  an  opening  at  the  apex,  used 
for  directing  broken  rock,  earth,  etc.  to  a  contracted  space  in  the  manner  of  a  funnel. 

Horizon — In  g'.*olf>(fv,  r»'f»*rs  to  the  age  or  place  of  rocks  in  the  chronolo^cal  scale.  A  rock 
i.t  -poken  o^  as  l>elouging  to  a  higher  or  lower  horizon  according  as  it  is  newer  or 
older  than  some  other  rock. 

HombUn'i'  —\  very  common  mineral ;  so  called  from  its  hornlike  cleavage  and  its  lustre  ; 
also  known  as  amphib^ile  and  amphibolite  by  the  French.  Usually  dark  green  and 
blackish,  but  occasionally  of  light  colors.  It  enters  largely  into  the  com(>osition  of 
diorite,  rf'ndering  this  rock  very  tough.  It  is  also  a  constituent  ef  syenite,  some 
gn^i^se^o.  etc.  It  is  a  silicate  of  magnesia  and  lime,  and  its  chemical  composition 
differs  but  little  from  that  of  pyroxene  or  augite,  this  mineral  being  distinguished 
from  it  by  crystalline  torm,  etc.  The  principal  varieties  of  hornblende  are  tremolite, 
actin  Ahc  an<i  true  asU^stos. 

HormictK —The  cherty  and  chalcedonic  varieties  of  quartz. 

Horte — A  ma.ss  of  country  rock  enclosed  in  a  vein  and  almost  or  entirely  surrounded  by  the 
vein  stuff  :  sometimes  calle<l  Ixmlders. 

Hummoeky-  — Lumijy,  or  in  small  uneven  knolls. 

Huronian  St/stf m— The  great  system  of  azoic  or  crystallint;  rocks  lying  between  the  Lauren- 
tian  I  below)  and  the  Canrbrian  system  ^above).  This  name  was  first  given  by  Sir 
William  Logan  ami  Dr.  T.  Sterry  Hunt  to  these  rocks  as  they  were  largely  developed 
on  the  north  side  of  lake  Huron,  but  the  term  has  been  pretty  generally  adopted  for 
rocks  of  corresponding  age  all  over  the  world.       See  page  10. 

^TjNlraf^'c/— Containing  water  in  chemical  combination,  and  hence  in  a  definite  proportion  is 
each  case,  as  gypsum  which  contains  *  Vater  of  crvstallisation,"  hydrate  of  lime,  or  lime 
which  has  absorbed  water  on  slacking,  hydrated  oxide  of  iron,  or  yellow  ochre,  which 
can  be  readily  converted  into  the  anhydrous  or  red  oxide  by  driving  off  the  water  bv 
heat. 
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JEtydrautie  CenerU — Cement  which  sets  under  water.  The  rocks  which,  on  being  calcined 
and  j^round  very  fine  ^ield  this  cement  must  contain  in  addition  to  lime  certain  pro- 
portions  of  alumina,  silica  and  ma^e<iia.     A  little  iron  is  also  usually  present. 

Hydraulic  Mining — Washing  down  gold-bearing  earth  by  means  of  a  large  and  ^werful  jet 
of  water  brought  from  a  considerable  height  and  directed  by  a  hose-pipe  so  as  to 
hare  a  pressure  of  from  50  to  100  pounds  to  the  square  inch.  This  process  has  been 
extensively  used  in  California  and  has  also  been  tried  in  the  Chaudiere  gold  region 
of  the  province  of  Quebec. 

Ifydro-ear&onx— Substances  composed  of  hydrogen  and  carbon,  as  bitumens,  paraffine,  petro- 
leum, benzine,  etc. 

hypogene—A  term  propreed  by  Lyell  for  all  nether-formed  rocks,  t.*.  rocks  which  have 
assumed  their  present  form  at  great  depths  beneath  the  suiface,  whether  originally 
stratified  or  unstratified.  The  former  belong  to  the  metamorphic  and  the  latter 
to  the  plutonic  group. 

letland-apar—The  transparent  variety  of  calcspar,  found  in  perfection  in  Iceland.  It 
possesses  the  property  of  double  refraction  of  light.  If  a  dark  line  be  viewed  through 
it,  it  will  appear  as  two  parallel  lines. 

Igneous— Connected  with  subterranean  heat.  Igneous  rocks  are  those  which  have  evidently 
been  once  in  a  molten  condition.  Those  which  have  cooled  at  and  near  the  surface^ 
such  as  lava  and  amygdaloid  are  called  volcanic  rocks,  while  those  which  have  cooled 
at  depths  and  under  great  pressure,  such  as  granite,  syenite,  diorite,  etc.,  are  called 
plutonic  rocks. 

Ilmenite—Txt&n'ic  iron  or  menacconite  ;  a  black  heavy  mineral  like  ma^etite  and  composed 
of  black  oxide  of  iron  with  a  varying  quantity  of  oxide  ot  titanium.  It  occurs  simi- 
larly to  magnetite.  The  black  iron  ores  associated  with  the  plagoiclase  or  triclinic 
felspar  rocks  appear  to  be  prone  to  contain  titanium.  No  profitable  process  has  yet 
been  discovered  for  the  extraction  of  iron  from  ores  containing  more  than  a  very 
small  percentage  of  titanium. 

Imper vimt 8— ImpaAsable  ;  applied  to  strata  such  as  clays,  shales,  etc.,  which  will  not  permit 
of  the  penetration  of  water,  petroleum  or  natural  gas. 

Impregnation— Vfhen  a  substance,  »uch  as  an  ore,  has  been  introduced  into  a  rock  in  a  dis- 
seminated form,  it  is  said  to  be  an  impregnation  ;  a  diffused  mixture,  a  sprinkling 
incorporated  in  the  mass. 

Indurated— W&rdaned  ;  applied  to  rocks  hardened  by  heat,  pressure,  or  the  addition  of  some 
ingredient  not  commonly  contained  in  the  rock  referred  to,  as  marls  indurated  by 
carbonate  of  lime. 

Infiltration— The  deposition  of  matter  among  the  grains  or  pores  of  a  rock  by  the  permeation 
or  percolation  of  water  carrying  it  in  solution. 

Inorganic — Not  organic  :  unconnected  with  animal  or  plant  structure. 

In  situ  — In  position  or  place  ;  applied  to  solid  or  fixed  rocks  as  opposed  to  those  which  are 
loose  and  may  have  been  transported. 

Inspissated— Thickened  as  by  evaporation  and  oxidation,  as  for  example  the  pitch  or  gum 
resulting  from  petroleum  after  long  exposure. 

Intercalated— In  geology  means  interposed  or  placed  between,  as  beds  of  one  kmd  placed 
between  or  interstratified  with  those  of  another  kind. 

Interstratijicd— Or  interbedded.   Strata  laid  between  or  alternating  with  others. 

Intrusive — Applied  to  igneous  rocks  which  have  been  forced  between  or  into  the  midst  of 
others. 

Iridescent— Colored  like  the  rainbow.  A  play  of  colors  such  as  is  seen  on  the  peacock's  tail. 
Labradorite  and  some  other  felspars  show  it.  The  tarnish  on  the  surface  of  (mmJ, 
copper-pyrites,  etc.,  is  sometimes  iridescent. 

Iron  Pyrites— Or  simply  pyrite ;  bi-sulphide  cf  iron.  A  hard,  heavy,  shiny,  yellow  mineral, 
generally  in  crystals  of  the  cubic  system.  It  may  be  distinguished  from  copper 
pyrite  by  being  of  a  paler  yellow  color,  harder  and  giving  a  black  powder,  whereaa 
copper  pyrites  gives  a  yellow  powder.  When  struck  by  steel  or  when  two  pieces 
are  struck  briskly  together  sparks  of  fire  are  emitted,  accompanied  by  the  odor  of 
sulphur.  A  very  common  mineral.  Marcasite  has  the  same  composition,  but  is  white 
and  crystallises  differently.  Pyrrhotite  or  magnetic  pyrites  is  the  monosulphide  of 
iron  and  is  of  an  iron-gray  to  bnmze  color. 

Ironstone — Any  ore  of  iron  from  which  the  metal  may  be  smelted  commercially,  but  usually 
restricted  to  stratified  ores,  especially  to  clay-ironstone— the  ore  from  which  most 
of  the  iron  of  Great  Britain  has  been  made. 

/joc/ina/— Applied  to  strata  which  have  been  so  completely  overturned  that  the  upper  fold 
or  inverted  portion  dips  in  the  f>ame  direction  as  the  corresponding  lower  portion. 

Jasper— Compact  opaque  varieties  of  quartz  with  conchoidal  fracture  and  usually  capable 
of  a  high  polish.     The  colors  are  red,  brown,  green  spotted,  nearly  white,  etc. 

Jigging.— One  of  the  operations  in  the  dressing  of  crushed  ores,  such  as  those  of  lead,  copper, 
etc  The  usual  process  consists  in  shaking  or  jerking  the  ore  in  a  wire-bottomea 
sieve  suspended  in  a  vat  of  water.  This  allows  the  fines  to  pass  through  and  they 
are  afterwards  treated  in  buddies,  while  the  rest  becomes  sorted  according  to  its 
relative  gravity.  The  waste  fragments  are  scraped  off  the  top,  the  process  being 
called  skimping. 

Joints—The  nearly  vertical  division-planes  whicti  traverse  nearly  all  rocks.  They  are  called 
backs  by  quarrymen. 

Jumper — A  short  steel  drill  for  boring  holes  in  rock  for  blasting  or  for  splitting  by  gads. 

Jurassic  System — The  system  which  succeeds  the  Triassic  ;  so  called  after  the  Jura  moun- 
tains on  the  border  between  Switzerland  and  France.  It  corresponds  with  the 
Oolite  of  £ngland. 
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ICamff—Rxdgefi  of  sand  and  ^vel  of  which  the  stratification  is  rudely  parallel  to  the  slopes 

of  the  surface.    Their  origin  has  not  been  satisfactorily  accounted  for. 
JKao/tw— Clay,  usually  very  li^ht  in  color,  derived  from  the  decoiu position  of  the  felspar  in 

certain  fn^nites.     It  is  used  for  the  manufacture  of  porcelain. 
Kibbh—A  lar(?e  barrel-shaped  bucket  strongly  bound  with  iron  boop«,  hung  by  a  rope  and 

used  for  hoisting  ore,  etc.,  up  shafts  in  mines. 
Kies—The  pure  or  8^  parated  sulphides,  as  distinguished  from  the  vein -matter  in  bulk. 
Kiin — A  large  receptacle  for  calcining  ores,  limestone,  etc. 

Kindly— A  miner  s  term  for  a  rock  wnich  it  considered  congenial  or  likely  for  carrying  ore. 
Labradorite—Xjlmeaodh  felspar;   a  sihcate    of    alumina,    lime  and  soda.    Crystallisation, 

tnclinic.     See  Felspar. 
Laeeoliie — A  mass  of  igneous  rock  which  has  not  reached  the  surface,  but  has  been  forced 

between  two  beds  of  lock  where  it  has  spread  out.     Examples  occur  in  the  Thunder 

Bay  region. 
Laeuitrine  fie7)'/*i<«— Deixisita  formed  in  the  boottom  of  lakes. 
Land-slides  or  «//p«— Large  masdes  of  clay,  earth  or  rock  w^hich  have  lost  their  support  and  slid 

down,  sometimejj  temporarily  blocking  up  streams. 
Launder— A  ^ywut  or  trough  for  carrying  water  for  a  short  distance. 
Laurent  tan  Syatrm—See  description,  pages  8-ir>. 
J!xi<€ra/— Belonging  t<)  the  sides,  or  to  one  side. 
Lead— An  auriferous  deposit  following  the  former  bed  of  a  stream  now  covered  by  superficial 

deposits.     In  Nova  Scotia  quartz  veins  are  called  leads. 
Lean — Applied  to  poor  ores,  or  those  containing  a  lower  percentage  of  metal  than  is  usually 

worked. 
LentieularSh&ped  approximately  like  a  double  convex  lens.     When  a  mass  of  rock  thins 

out  from  the  centre  to  a  thin  edge  all  round  it  is  said  to  be  lenticular  in  form. 
Level— See  Drift. 
LigniU—See  Coal. 
Limestont  —  A  rock  coin}>osed  of  carbonate  of  lime;  of  all  colors  and  varies   in  texture  from 

compact  or  amorphnua  to  coarsely  crystalline.     White  marble  is  a  finely  crystalline 

variety.     Chalk  i-4  a  soft  form.     Limestone  may  be  distinguished  from  other  rocks 

by  being  easily  ricratche^i  with  a  knife  and  by  effervescing  when  acid  is  placed  upon  it. 
Limonite— Brown  hematite  ;  hydrated  oxide  of  iron.     See  Hinuitite. 
LUhology  or  Pctroloffy—The  study  of  n>cks  as  such  j  a  branch  of  geology  wliich  is  being  much 

developed  in  recent  years.     By  making  thin  sections  and  examining  them  under  the 

micrusco}>e  the  nature  of  a  rock  may  be  determined  as  well  for  most  ))urpo8e8  as  by 

chemical  analysis. 
Jjoam — A  mixture  of  sand  and  clay.     If  decayed  vegetable  matter  be  added,  it  assumes  a 

dark  color  and  is  called  vegetable  loam. 
Lode — A  metaliiferou**  vein. 
Loess — A  fteculiar  deiKisit  like  tine  silt  found  in  some  parts  of  northern   Europe,   northern 

China  and  in  the  north-western  United  States. 
Ixmg-Tom — A  trough  for  washing  gold-bearing  gravel  or  earth, 
.^ttj^rf — The  character  of  the  light  reflected  by  minerals ;  it  constitutes  one  of  the  means  of 

disting^i'ihing  them. 
Lydian-stonc  —A  compact  or  close  grained,  nearly  black,  variety  of  jasper.     A  smoothed  sur- 
face* itl  this  8t<»ne  is  used  for  trying  the  streak  of  gold,  the  color  of  which  affords  an 

index  to  its  purity. 
Jfaero«<'opic— Readily  seen  by  the  naked  eye.    On  a  large  scale  compared  with  microscopic. 
Magnesian  Liturstone. — See  Dolomite. 
Magnetic  Iron  Pyrites— i^ee  Iron  Pyrites, 
Magnetite— Or  magnetic  iron  ore.     Black  oxide  of  iron.     In  addition  to  its  magnetism  it  may 

be  distinguished  from  hematite  by  jrielding  a  black  streak  and  powder. 
Maltha— T\w  pitch  or  **  gum  "  resulting  from  the  drying  up  and  oxidation  of  petroleum,  as 

when  it  has  reached  the  surface  of  the  ground. 
MamvuUated  -  Having  the  form  of  paiM  or  breasts. 
Mamvtoth — A  fossil  elephant  allied  to  the  living  species,  but  larger. 
Manganese— A  metal  chemically  related  to  iron.    The  black  oxide,  pyrolusite,  the  gray  oxide, 

manganite  and  the  earthy  oxide,  wad,  are  used  in  the  arta.     Manganese  is  used  in 

the  manufacture  of  Bessemer  steel. 
MasHve  Rocks — Those  which  have  no  stratification  or  lamination,  as  greenstones,  granite, 

syenite,  etc. 
Marble— A  variety  of  moderately  soft  n>cks  capable  of  taking  a  good  polish  are  called  marble. 

The  commonest  are  comi>act  and  crystalline  limestones  and  dolomites  and  serpentine. 
Mar^aaite  -See  Iron  Pyrites. 

Marl — Usually  applied  to  a  soft  or  friable  natiural  mixture  of  clay  and  lime. 
AfaWy— Resembling  marl. 
MaModon-A  genus  of  extinct  elephantine  mammals,    having  conical  protrusions  on  the 

grinding  surfaces  of  their  teeth,   whereas  the  mammoth  has  flattened  transverse 

ridges. 
Afo^rtaB— The  body  or  **  [>aste  *'  of  ainr  rock  which  encloses  fragments  or  crystals. 
MeasureM — A  general  name  for  stratified  rocks. 
Me$o2ot9—Or  Secondary  ;  the  **  middle-life  "  Period  or  Age.     It  i^  the  third  of  the  five 

grand  divisions  of  geological  time.     It  includes  (in  ascending  order)  the  Triassic, 

Jurassic  and  Cretaceous  systems. 
Jfrta//(^(r»vu«— Canning  metal. 
Meiamorvhic — Applied  to  rocks  which  have  been  changed  in  form  and  internal  structure. 

Heat,  pressure  and  time  acting  on  the  constituents  of  nxsks  have  been  the  main 
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caosea  of  metamorphism,  converting  ordinary  and  soft  sedimentary  deposits  into 
crystalline  and  hard  rocks. 

Metatnorphism — The  change  in  form,  etc.,  which  some  rocks  have  undergone,  or  the  process 
Itself.     Alteration  has  a  somewhat  similar  meaning. 

Meteorite— See  Aerolite. 

Miea — A  common  mineral  easily  rec<^n3iBed  by  its  glistening  appearance  and  from  the  fact 
that  it  may  be  split  into  very  thin  leaves  which  are  elastic.  It  enters  into  the  com- 
position of  mica-schist,  gneiss,  granite  and  other  crystalline  rocks,  and  is  found  in 
scales  in  sands  and  sandstones  derived  from  their  disintegration.  Ignorant  persons 
tjiometimes  speak  of  it  improperly  as  isinglass,  which  is  made  from  the  swimming- 
bladder  of  tne  sturgeon. 

if fccrcdou«— Containing  mica  or  lai^ely  composed  of  it. 

Mica -schist— A  foliated  crystalline  rock  composed  of  alternate  layers  of  quartz  and  mica  in 
various  proportions,  the  typical  one  being  about  two-thirds  quartz  to  one-third  mica  ; 
although  the  pro|X)rtion  of  the  latter  generally  appears  greater  than  it  i^,  because 
the  rock  splits  along  the  mica  folia,  thus  showing  the  mica  alone  on  the  flat  surfaces. 
The  true  composition  may  be  seen  by  locking  at  the  squarely  broken  edges. 

Microscopic — So  ftmall  as  to  be  seen  only  by  the  microscope. 

MilUtone  Orit—  In  Great  Britain  this  name  is  given  to  a  part  of  the  Carboniferous  system, 
consisting  principally  of  sandstones,  below  the  coal  measures ;  it  is  also  sometimes 
used  for  the  equivalent  group  in  America. 

Mine — An  excavation  or  series  of  excavations  in  the  earth  for  the  extraction  of  minerals.  A 
mere  discovery  or  outcrop  of  an  economic  mineral  does  not  constitute  a  mine.  It  is 
the  working  of  the  deposit,  not  its  mere  existence,  which  does  this. 

Mine)  al — Scientitically,  any  inorganic  substance  having  a  definite  chemical  composition  and 
crystallising  in  definite  forms.  Each  of  these  constitutes  a  mineral  specie».  See 
Rock.  But  the  word  means  literally  anything  dug  out  of  the  earth,  and  m  this  sense 
includes  everything  except  living  or  recently  dead  organic  matter.  Many  mineral 
substances,  »uch  a<«  coal,  some  limestjnes,  etc.,  are  composed  of  mineralised  organic 
matter. 

Mineralisation—The  conversion  of  a  substance  into  mineral,  as  peat  into  coal. 

Mineralogy— The  study  or  science  of  minerals  ;  often  confound^  with  geology,  which  see. 

Jlftoccw<? -The  middle  Tertiary  system. 

Molecule — An  ultimate  particle  t>f  matter,  having  a  definite  chemical  composition. 

Mollusca — One  of  the  primary  divisions  or  provinces  of  the  animal  kin^om ;  it  embraces 
those  soft-bodied  invertebrates  most  but  not  all  of  which  are  provided  with  shells,  as 
oysters,  snails,  slufi^s,  etc. 

Molybdenite — Sulphide  of  molybdenum— a  soft  bluish  black,  usually  laminated  mineral  occur- 
ring in  veins  of  quartz,  etc.,  having  somewhat  the  appearance  of  gra(>hite,  but  in  most 
cases  yielding  a  dark  green  mark  on  white  paper.  If  found  inconsiderable  quantity 
it  has  a  commercial  value. 

Monocline— A  bend  in  strata  in  one  direction  only. 

Moonstones — Pale  opalescent,  almost  transparent  varieties  of  felspars. 

Moraines— Vilea  c.r  ridges  of  boulder-drift  or  till  which  have  accumulated  at  the  sides  (lateral) 
or  lower  extremities  (terminal)  of  glaciers. 

MortarBox  —The  large  deep  cast-iron  box  into  which  the  stamps  fall  and  the  ore  is  fed  in  a 
gold  or  silver  utamp-mill ;  also  called  a  stamper-box. 

Moss  Afjatc—A  variety  of  agate  showing  branching  forms  like  those  of  moss. 

Mountain  Cork— An  extremely  light  non-fibrous  variety  of  asbestos. 

MuUock—A  term  sometimes  used  for  the  accumulated  waste  or  refuse  rock  about  a  mine. 

Naphtha— A  highly  volatile  liquid  form  of  hydrocarbon. 

New  Rid  SandMom  —The  former  name  for  the  Permian  system ;  it  lies  above  the  Carboniferous, 
while  the  Old  Red  Sandstone  lies  below  it. 

Nickel —One  of  the  metallic-elements.  It  is  a  white  metal,  having  a  lustre  like  silver,  but  in 
its  chemical  relations  it  is  more  nearly  connected  with  iron ;  it  is  not,  however, 
susceptible  to  oxidise  like  iron,  i*nd  this  is  one  of  the  properties  which  renders  it  so 
valuable  for  plating  this  metal.  It  has  recently  been  found  to  give  great  toughness 
to  steel,  a  most  valuable  property.  Nickel  is  found  most  abundantly  as  a  sulphide, 
associated  with  iron  and  copper. 

Noduk — A  concretion  in  a  softer  matrix,  as  the  kidney-stones  found  in  clays  almost  every- 
where. The  bombs  or  kettles  in  the  blask  shales  of  the  Kaministiauia  and  Whitefish 
valleys  are  only  great  nodules.  The  flints  of  the  chalk  of  England  and  the  detached 
lumps  of  clay-ironstone  of  the  Carboniferous  shales,  etc.,  are  other  forms  of  nodules. 
Nodules  have  generally  formed  themselves  around  some  fragment  of  either  organic 
or  inorganic  matter  as  a  centre  or  nucleus. 

Nugget  -A  lump  of  native  gold,  silver,  platinum,  copper,  etc. 

Obsidian — Dark-colored  volcanic  glass,  the  product  of  volcanoes  of  later  geological  time^^.  It 
is  a  silicate  of  alumina,  potash,  soda  and  lime. 

Oc^rc— Naturally  occurring  pigments,  as  yellow  ochre  or  hydrated  oxide  of  iron.   Blue,  green, 
red,  etc.,  clayey  mixtures  which  may  be  used  as  coarse  paints  are  also  called  cchres. 
Ochre  is  also   used  as  a  mineralogical  term  for  certain  decomposition  oxides  as 
bismuth,  chrome,  antimony  and  cobalt-ochres. 

Old  Red  Sandstone — See  New  Red  Sandstone, 

OligoclaseSodA'Wme  febpar  ;  a  silicate  of  alumina,  soda  and  lime.  Crystallisation,  triclinic. 
See  Felspar. 

Olivine— An  earthy  looking  olive-green  mineral  occurring  in  many  trappean  rocks. 

Oolite— A  limestone  composed  of  small  round  grains  resembling  fishes'  eggs,  hence  the 
name. 
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0/Ni2— A  gem  composed  of  silica  with  from  5  to  10  per  cent,  of  water  having  a  *'play  of 
colors  *'  or  reflecting  rainbow-like  colon  with  a  brilliance  or  *'  fire  "  that  gives  to 
sound  pieces  a  great  value.   Generally  white  and  having  a  hazy  or  milky  translucency. 

OpcUedeent—Reaemhling  opal. 

€i>en'Cutting— Or  open -cast.  A  cutting  or  excavation  in  a  mineral  deposit  or  for  the  purpose 
of  reaching  one. 

Ore— Properly  speakifig,  combinations  of  metals  with  other  substances,  but  also  applied  to 
the  matrix  from  which  native  metals  such  as  gold,  silver  and  copper  are  extracted. 
Sometimes  also  applied  to  other  minerals  won  by  mining,  as  apatite,  barytes,  etc. 

Orf/anic  — Having  organs  for  carrying  on  vital  processes.  Animals  and  plants  are  thus 
organised  as  distinguished  from  minerals  or  inorganic  substances.  When  these 
organs  or  organic  structures  become  mioeralised  they  are  fossils  or  organic  remains. 

Ortkoclame- PoUksh  felspar;  a  silicate  of  alumina  and  potash.  Cr>'stillisation,  monoclinic. 
See  Fehpar. 

Outcrop— See  Crop. 

OutlUr — A  portion  detached  from  the  main  body,  an  island,  as  it  were,  surrounded  by  some 
other  kind  of  rock. 

Overlap— Whiin  strata  extend  ovnr  an  ancient  foundation  further  than  those  immediately 
preceding  them,  this  extension  is  called  an  overlap. 

Overturned— Where  strata  liave  been  highly  tilted  till  they  pass  the  ))er[)endicular,  so  that 
the  lower  fall  becomes  turned  upside  down,  they  are  said  to  be  overturned. 

Oxide — A  contpound  of  the  element  oxygen  with  another  element  or  other  elements. 

PalctonioUnjy  -The  study  of  ancient  life,  especially  of  animal  remains,  that  of  plant  remains 
orfc^idil  botany  being  called  palaeobotany. 

Pdlceozoic—The  second  of  the  five  grand  divisions,  periods,  or  ages  of  the  rocks  of  the  earth's 
crust ;  so  called  from  containing  evidences  of  the  most  ancient  life  on  the  planet. 
The  Palaeozoic  period  includes  (in  ascending  order)  the  Cambrian,  Silurian,  Devonian, 
Carboniferous  and  Permian  systems. 

Paroxyttm—ln  geoIr)Sfy,  any  violent  or  sudden  natural  occurrence,  as  a  volcanic  eruption,  a 
sudden  fl^nid,  etc. 

Parting— \  thin  layer  separating  greater  masses  of  rock,  usually  beds,  as  a  parting  of  shale 
between  beds  of  sandstone  or  limestone. 

Pa^^— Distributed  in  patches  or  in  an  irregular  manner  as  when  ore  occurs  in  bunches  or 
8[X)radically. 

Peat— A  mass  of  vegetable  matter  formed  in  bogs  and  marshes.  Its  principal  constituent  is 
sphagnum  m^jss,  but  nishes,  reeds,  sedges,  grasses,  algie,  etc.,  may  also  contribute. 
Peat  sometimes  accumulates  to  considerable  depth  ;  the  lower  portion  becomes  black 
and  dense  and  is  used  for  fuel.  The  rotten  wood  found  in  the  bottoms  of  gwamps  is 
not  peat,  properly  speaking  • 

PegnuttiU  —A  very  coarne  variety  of  granite,  compo^d  principally  of  quartz  and  crystalline 
felspar,  out  often  holding  sheets  of  mica.  It  usually  forms  great  veins  or  enlarge- 
ments of  veins  cutting  mica-schist,  gneiss,  etc.  Formerly  applied  also  to  finer 
mixtures  of  ([uartz  and  felspar,  called  binary  granite,  now  known  as  granitite  and 
quartz-felspar  rock. 

Permian  .Vy«<f//i —'I  he  system  next  above  the  Carboniferous;  formerly  called  the  New  Red 
Sandstone;  the  Devonian  or  next  system  below  the  Carboniferous  being  the  Old  Red 
Sandstone.  This  name  (introduced  in  18 U  b^  Sir  Roderick  Murchison)  is  derived 
from  the  govfrnmuut  of  Perm  in  central  Russia,  where  the  system  is  well  developed. 
There,  as  in  the  north  of  England,  it  is  made  up  principally  of  red  sandstones. 

Petrify— To  becxime  strjne.  Organic  substances,  such  as  shells,  bones,  wood,  etc.,  embedded 
in  sediments,  become  converted  into  stone  by  the  gradual  replacement  of  their 
tissues,  partich*  by  particle,  with  corresponding  amounts  of  infiltrated  mineral 
matter.  Thus  not  only  the  outward  forms  but  even  the  minutest  details  of  the 
organic  tissues  are  preserved. 

PctroUum- i>r  rock-oil;  litjuid  hydrocarbon.  Formed  in  large  quantities  in  some  rocks 
which  contain  organic  matter. 

Petroloi/y—See  Litholfxjii. 

Petrosif'x—A  compact  silicious  felsite,  havmg  a  fracture  like  jasper  but  distinguishable  from 
it  in  being  fusible  Ixrfore  the  blowpipe. 

Phenohienon-  In  science,  any  natural  occurrence  or  a[>pearance. 

Phosphate  of  Liiiic  —  Sev  A/xitite. 

Pillars  —Portions  of  the  vtin  or  bed  left  otanding  to  support  the  roof. 

Pinched— Where  a  vein  narrows,  as  if  the  walls  had  been  squeezed  in.  When  the  walb  meet 
the  vein  is  said  to  be  pinched  out. 

Pitchstone  -A  dark  glassy  or  pitchy  looking  igneous  rock,  occurring  as  dyke^,  and  also  as 
beds  wh.'c'i  nave  flowed  upon  the  former  surface.  It  is  a  natural  glass  with  splintery 
fracture,  although  translucent  only  on  thin  edges,  and  has  the  composition  of  felsite. 

P/otfcrtf— Gold-bearing  sand  and  gravel  deposited  on  the  bed-rock. 

P/o^toc^aM; —The  triclinic  felspars  are  called  collectively  plagioclase.  The  principal  triclinic 
felspars  are  albite,  anorthite,  labradorite  and  oligrx^lase.  As  C(^stituents  of  rocks 
th^y  rx^cur  generally  in  small  crystalline  grains,  and  without  a  miscroscopic  examina- 
tion it  is  dimcult  to  distinguish  them  in  tnis  form  from  one  another ;  hence  this  teim 
is  very  convenient  for  use  in  the  field. 

Plaster  of  Paris  — A  plaster  made  from  gypsum  bv  grinding  and  calcining  it ;  so  called  from 
its  manufacture  near  Paris  in  France.  In  Canada  this  term  has  been  adopted  for 
gypsum  in  any  form. 

Plastic  Clay— In  England,  applied  to  certain  clays  of  the  Eocene  system,  but  in  general 
means  clay  suitable  for  moulding  into  any  form. 
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PlHstoeene  Syttem-^Or  Poet-Pliooene.  The  system  which  succeeds  the  Pliocene.  It  ombraoes 
the  remains  of  a  few  extinct  bpecies  of  animals^  especially  of  mammab,  while  thoue 
of  the  Recent  belong  entirely  to  species  still  livmg. 

Plicated  — Folded  together,  as  in  highly  inclined  and  contorted  strata. 

Pliocene  System — The  uppermost  of  the  Tertiary  systems  ;  divided  into  the  Older  Pliocene, 
in  which  from  S5  to  50  per  cent,  of  its  embedded  species  are  still  living,  and  the 
Newer  Pliocen*?,  in  which  the  proportion  is  from  90  to  95  per  &nt. 

Plumbago — See  Qraphite, 

P2um6a(rtmm«— Containing  plumbago,  as  plumbaginous  schists  ;  some  crystalline  limestones 
are  also  plumbaginous. 

Plutonic  /2ocA:«— Igneous  rocks  which  have  cooled  at  ft  considerable  depth  from  the  surface 
and  under  great  prensure.     See  Igneous. 

Pocket — A  single  mass  of  ore  which  may  be  of  any  size.  When  a  vein  carries  ore  in  isolated 
masses  with  much  dead  ^^und  between  tnem  it  is  said  to  be  pockety. 

Porphyry— Any  massive  rock  with  crystals  distinct  from  the  matrix.  Tjrpical  porphyries 
are  however  those  which  have  a  felspathic  ground-mass  or  matrix  with  a  compact 
or  flinty  texture  and  holding  disseminated  crystals  of  felspar.  Quarts-porphyry 
contains  a  considerable  proportion  of  quartz  in  addition  to  the  felspar,  and  crystals 
of  both  minerals  are  scattered  through  it ;  but  where  no  such  crystals  occur  and  the 
whole  mass  is  compact,  it  forms  a  variety  of  felsite.  Porphyry  was  originally 
applied  to  a  red  syenite  with  distinct  felspar  crystals  from  Upper  Egypt,  and  all 
similar  rocks  are  still  included  among  the  porphyries. 

Porphyritic—  Resembling  ix)rphyry. 

Post  Tertiary  Period— aA&o  called  Quaternary.     The  newest  of  the  five  grand  divisions  of 

feological  time.     It  includes  the  Pleistocene  or  Post*Pliocene  and  the  Recent  or 
Prehistoric  systems,  which  bring  us  up  to  the  present  or  historic  time. 

Pot-holes — Kettles  ;  circular  holes  sometimes  much  deeper  than  wide,  worn  into  the  solid 
rock  at  falls  and  strong  rapids,  by  sand,  gravel  and  'ttones  being  spun  round  by  the 
force  of  the  current. 

PotsUme—A  coarse  or  impure  variety  of  soapstonc  ;  Si)  called  from  being  easy  to  cut  into 
pots  owing  to  its  softness. 

Precipitate— When  a  substance,  held  in  solution  in  a  liquid,  is  thrown  down  in  a  solid  form 
by  the  addition  of  some  other  substance  in  solution,  the  resulting  solid  is  called  a 
precipitate.  When  a  substance  held  only  mechanically  in  mispension  in  a  liquid 
settles  to  the  bottom  it  is  called  a  sediment. 

Prill— A  good  sized  piece  of  pure  ore. 

Primary — See  Palaozoic. 

Primitive — See  Archcean, 

Primordial — The  name  given  by  Barrande  to  the  oldest  fossiliferous  rocks  as  developed  in 
Bohemia.     Tt  corresponds  with  the  British  Cambrian.  *^d 

Prospector — A  person  engaged  in  exploring  for  valuable  minerals,  or  in  testing  supposed 
discoveries  of  the  same. 

Protogene—A  variety  of  granite  in  which  talc  takes  the  place  of  mica ;  so  called  by  the 
French,  who  supposed  that  it  was  the  first-formed  of  the  granites.  The  granites  of 
Cornwall,  England,  which  decompose  and  yield  kaolin  are  of  this  kind. 

Pseudomorph—Ysk\»ei  form  ;  the  name  given  to  crystalline  forms  of  a  composition  not  proper 
to  such  forms.  They  may  be  mere  casts,  occupying  cavities  from  which  crystals  have 
been  dissolved,  or  they  may  have  replaced  other  crystals  particle  by  particle  by 
some  slow  process. 

Pudding-stone — Conglomerate. 

Pumice— A  very  light  porous  and  vesicular  lava  which  will  float  on  water  ;  a  sort  of  volcanic 
froth.     Its  color  is  generally  whitish  or  light  gray. 

Pyrites— ^ee  Iron  Pyrites. 

Pyrolusite —^\Ac\i  oxide  of  manganese ;  used  for  making  oxygen. 

Pyro-««Ai«to— Bituminous  shales  which  yield  hydrocarbon  oils  and  gases  on  distillation. 

Pyroxene— ^ee  Augite. 

Pyrrhotite—See  Iron  Pyrites. 

Q^iartz—A  common  mineral  occurring  in  a  great  variety  of  forms.  It  is  composed  of  the 
elements  silicon  and  oxygen.  It  crystallises  in  tne  hexagonal  system.  The  trans- 
parent colorless  variety,  which  is  the  purest  form,  is  called  rock-crystal.  White  or 
milk  quartz  is  a  very  common  vein-stone.  Gold  occurs  most  frequently  with  quartz, 
but  only  a  smiUl  proportion  of  quartz  veins  contain  gold.  The  numerous  varieties 
of  quartz  may  be  classified  in  three  groups  :  (1)  the  vitreous,  like  rock  crystal,  rose 
cjuartz,  amethystine  quartz,  etc. ;  (2)  the  chalcedonic,  like  chalcedony,  chamelian  agate, 
flint,  etc.;  (3)  the  jaspery,  like  jasper,  bloodstone,  lydian  stone,  etc. 

Quartzite—Qu&TtzTock  ;  a  rock  composed  of  grains  of  quartz  cemented,  or  as  it  were  fused 
tt^ether  by  the  same  substance.  Quarzites  are  indurated  sandstones  ;  they  often 
contain  grains  of  felspar.  Among  the  Fluronian  rocks,  great  belts  of  quartzites  occur 
from  lake  Huron  north  and  n^rthoMtward,  and  on  the  northwest  side  of  Hudson 
bay. 

Quaternary— ^ee  Post  Tertiary. 

Quick  lime— Whfin  carbonate  of  lime  (limestone)  has  been  thoroughly  calcined  this  results. 
By  the  addition  of  water  it  forms  hydrate  of  lime,  the  process  being  called  slaking. 

Quicksilver— A  common  name  for  mercury  ;  one  of  the  metallic  elements,  remarkable  for  its 
low  melting  point,  being  liquid  down  to  40**  Fah.  below  zero. 

Race— An  artificial  canal  for  conveying  water. 

Rmnge—A  chain  of  mountains  or  hills  ;  also  a  belt  or  strip  of  country  within  which  certain 
economic  minerals  are  supposed  to  occur  or  run. 
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Beeent  -  The  present  geologrical  time,  although  it  extends  back  through  a  vast  period  of  years. 

All  or  nearly  all  existing  species  of  animals  have  lived  throughout  the  Recent  epoch. 
Jteef^In  mining,  often  applied  to  quartz  veins  or  veins  of  any  kind  ;  also  to  solid  or  fixed 

rock  in  general,  as  opposed  to  loose  materials. 
Jtmn— Mineral  Kesin  ;  substances  allied  in  composition  to  the  resins  of  coniferous  trees, 

such  as  amber. 
Betieulated  —A  net-like  arrangement. 
Ribboned — When  the  stratification  of  rocks  is  very  distinct  or  strongly  marked  on  a  small 

scale,  as  by  contrast  of  colors,  such  as  may  often  be  seen  in  gneiss^  they  are  said  to 

be  ribboned.     When  the  lines  of  contrast  are  on  a  larger  scale  they  are  said  to  be 

banded. 
Riddle  -A  box  or  vessel  with  a  perforated  bottom,  used  by  alluvial  gold  miners  for  separating 

out  the  coarse  gravel. 
Riffles — See  RippUs. 

Rippl€4  -Grooves  or  bars  across  sluices  for  washing  gold. 
Ripple-mark —l^he  wavy  surface  of  some  beds  of  sandstones  and  mudstones,  produced  by 

gentle  movement  in  shallow  water  when  these  rocks  were  in  a  soft  condition. 
Rochet  moutonnecs—  Rounded  hummocks  or  bosses  of  rock  like  whales  backs,  smoothed  and 

striated  by  glacial  action. 
Rock — Commonly  used  to  indicate  any  stony  substance  occurring  in  nature,  but  geologists  are 

obliged  to  extend  ite  meaning  so  as  to  include  almost  everything  which  enters  into 

the  composition  of  the  earth,  even  if  the  material  be  soft  like  marl,  clay  or  sand. 

Rocks  generally  consist  of  mixtures  of  different  minerals,  although  some,  such  as 

limestone,  serpentine,  quartzite,  etc.,  are  composed  almost  entirely  of  one  mineral 

species.     See  Mineral. 
Rock-Basin— A  depression  or  basin-like  excavation  in  the  solid  rock,  sometimes  of  g[reat 

extent.     Nearly  all  of  our  numerous  lake«,  even  the  largest  of  them,  are  entirely 

surrounded  by  solid  rock  or  lie  in  rock-basins. 
Rock  C*^«ia/— Transparent,  colorless  quait/. 

Rock-Salt  —Common  salt  occurring  in  nature  in  solid  beds  or  rock-masses. 
Rotten- Stone— A  soft  light  earthly  substance,  consisting  of  silica  in  fine  grains,  resulting  from 

the  decomposition  of  silicious  limestone. 
Royalty  —A  rate  or  duty  payable  to  the  Government  or  to  individuals  on  the  produce  of  a 

mine. 
Rutile—A  mineral  consisting  of  oxide  of  titanium.     It  is  found  associated  with  titaniferous 

iron  ore-s  and  occaHionally  in  mica-schist,  granite,  etc.  ' 

Sandstone  — Kock  composed  of  sand  more  or  less  consolidated  or  cemented  together. 
Sacckaroidal—Ha.ving  the  texture  of    loaf  sugar,  as  fine-grained  crystalline  limestone  or 

marble. 
Scale  of  Hardne»s— The  relative  hardness  of  minerals  is  one  of  their  most  convenient  tests. 

There  are  t«n  degrees.     See  Hardness. 
Schist — Crystalline  foliated  rock,  splitting  into  irregular  lenticular  or  wedge-shaped  plates. 

There  are  many  kinds  of  schist,  such  as  chloritic,  talcoid,  dioritic,  mica,  hornblende, 

etc.     See  Slate  and  Cleavage. 
Seam  —This  word  was  once  used  to  indicate  the  divisional  plane  or  line  between  beds  of  rock  ; 

it  now  applies  to  the  bed  itself.     It  usually  indicates  a  bed  of  a  dififerent  kind  from 

the  others  with  which  it  is  associated,  as  a  seam  of  coal. 
Secondary— See  Mesozoic. 
Section  -In  geology  either  a  natural  or  an  artificial  rock-cut,  or  the  representation  of  such  on 

paper. 
Ocular — Relating  to  an  age  or  vast  period  of  time. 
Sediment — Any  matter  such  as  mud,  sand,  etc.,  which  has  settled  down  from  suspension  in 

water.     Most  stratified  or  sedimentary  rocks  have  been  found  in  this  way,  although 

some,  as  certain  limestones  and  dolomites,  have  been  precipitated.     See  Precipitate, 
Segregation — A  process  by  which  mineral  matter  has  been  transfused  or  exuded  into  veins 

and  openings,  especially  in  crystalline  rocks. 
Selenite — Gypsum  in  transparent  crystals. 

Septum— A  division  or  partition,  such  as  those  in  an  Orthoceras. 
Sequence— Follovfingf  succession,  coming  after,  continuation. 
Serieite — A  talc-like  hydrous  mica  (muscovite)  occurring  in  small  scales  and  forming  sericitic 

schist,  which  is  also  called   talcoid  schist,  and  often  spoken  of  by   prospectors  as 

talcone  schist,  but  this  term  properly  applies  to  schists  composed  largely  of  talc, 

which  are  much  rarer. 
Series— In  geology,  a  group  of  rocks  in  a  certain  order  or  succession,  or  a  set  of  beds  having 

something  in  common.     See  page  3. 
Serpentine— A  compact  rock,  rather  soft  or  sectile,  with  a  conchoidal  and  splintery  fracture 

and  waxy  lustre.     When  powdered  has  a  greasy  feel.     Capable  of  a  high  polish  and 

is  called  marble.      Translucent  on   thin  edges.     In  color,  it  has  various  shades  of 

green,  generally  dark  and  leek-green,  often  spotted  or  veined  ;  these  are  called  verd- 

antique  ;  also  brown,  red,  yellowish,  etc.     Composed  of  hydrated  silicate  of  magnesia 

and  a  little  iron.   The  name  has  reference  to  its  colors,  suggestive  of  those  of  snakes. 
Shaft— ^  deep  pit  or  hole  sunk  through  earth  or  rock  for  the  purpose  of  reaching  minerals. 

Shafts  are  generally  rectangular  in  cross  section,  and  perpendicular  or  approximately 

so.     If  they  underlie  far  from  the  perpendicular  they  are  called  slopes. 
4S>^^— Fissile  argillaceous  rock,  splitting  with  the  t>edding  as  distinguished  from  slate,  which 

cleaves  in  parallel  planes  indei)endent  of  the  bedding.    Shales  are  generally  softer 

than  slates.    There  are  many  varieties,  as  ordinary  argillaceous  or  clayey  shUe,  bitu- 
minous (like  the  Utioa)  shale,  arenaceous,  ferruginous,  calcareous,  etc. 
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Shakinp-Tahfe—A  slightly  incliaed  table  t  •  which  a  lateral  shaking  motion  i8  given  by  means 
of  a  small  erank  or  an  excentric.  Water  is  allowed  to  flow  over  them  and  they  are 
covered  with  copper  plates  coated  with  mercury  for  the  purpose  of  amalgamating- 
gold  or  silver.  They  may  aUo  be  provided  with  ripples  and  used  in  separating* 
alluvial  gold. 

Shell-Marl — X  light  colored  calcareous  depopit  in  the  txittom^of  small  lakes,  composed  largely 
of  dead  tresh  water  shells,  but  apparently  also  to  some  extent  of  precipitated  (^Lrb- 
onate  of  lime  and  the  hard  parts  of  minute  organisms  ;  u^ed  for  manure. 

Shift— The  time  during  which  one  set  of  men  works  in  a  mine.  There  are  usually  two  shifts 
of  10  hours  each  in  the  24  hours,  but  when  great  expedition  is  required  three  shifta 
of  8  hours  each  may  be  worked. 

Shingle  -Rounded  stones  and  pebbles  larger  than  gravel  and  smaller  than  boulders,^  forming 
ancient  or  modern  benches. 

Shoot— An  inclined  wooden  spout  or  slide  for  sending  down  ore  or  rock  ;  also  the  richest  ore> 
streaks  in  a  vein,  which  in  the  profil-5  of  the  vein  miy  run  at  any  angle  to  the 
horizon. 

Sickening  of  QuickHlrer—^ee  Flouring, 

Silicn — Silex.  The  same  in  composition  as  quartz  ;  used  more  frequently  in  chemical  lan> 
guage  for  this  substance 

6Vic/<>M«— Relating  to  eilica. 

Sifirified  -Made  into  silica.  Organic  remains,  both  plant  and  animal,  are  often  thus  con- 
vert d. 

Silt  Mud,  fine  sand,  etc.,  deposited  m  harbors,  erttuaries,  lagoons,  etc.,  from  the  slacking  of 
the  currents  which  had  borne  them  along. 

Silurian  St//sttm — The  Hecond  system,  io  ascending  order,  of  the  Paleeozoic  i^riod.  See 
page  40. 

Sink-holes  -When  rocki*  such  as  salt,  gypMum  or  limestone  have  been  locally  dissolved  away» 
tlie  earth  may  cink  and  form  a  cup-shaped  basin,  to  which  this  name  is  given. 

6Vnuou«— Curving,  winding. 

Skid — A  wooden  beam,  scantling  or  other  timber  used  for  sliding  heavy  weights  up*m. 

Skimping  -i^ee  Jigging. 

Slab  -A  wide  Hat  Htone  ;  the  outside  cut  off  a  log  of  wood  in  .^^tving  it  into  planks. 

Slide— ^tee  Fault,  Disfocation, 

SlikcnsideM—A  miners'  term  for  the  smoothed  and  striated  surfaces  often  found  on  the  walla 
of  veins  and  in  faults,  produced  by  the  movement  or  rubbing  of  one  mass  of  rock  on 
another,  under  great  pressure. 

Slip—See  Fault  and  Dislocation. 

Slope— See  Shaft. 

Sluice- Box— A  long  trouo'h  or  flume  with  ripples  for  catching  alluvial  gold  when  the  earth  is 
washed  down  it  by  water. 

«S/Mir— Crystalline  veinstones  which  break  along  cleavage  planes,  as  calcspar,  fluorspar,  felspar^ 
bitteispar,  heavy  spar,  eta 

Specific  Orariti/  -  In  regard  to  solids,  means  their  weight  relatively  to  an  equal  bulk  of  water 
at  a  temperature  of  60"    Fahr. 

Specimen— Properly  speaking,  a  sample  of  anything[ ;  but  among  miners  it  is  often  restricted 
to  selected  or  handsome  minerals,  as  flne  pieces  of  ore,  crystals,  or  pieces  of  quartz 
containing  visible  gold. 

^/j^Tw^ar— Mirror-like,  as  specular  iron  ore,  a  variety  of  hematite. 

Spur— An  offshoot  or  branch  vein  ;  a  subordinate  range  of  hills  or  mountains  connected  with 
a  main  chain. 

Stalactites  —Tapering,  or  icicle-shaped  projections  of  travertine  hanging  from  the  roofs  of 
caves  or  fissures  formed  by  the  dripping  of  lime  water. 

Stalagmites— Of  the  same  composition  and  form  as  stalactites,  but  have  grown  upward 
from  floors  of  caves,  etc.,  on  which  lime-water  has  dripped. 

Stamper  Box— See  Mortar  Box. 

Stamp  Head  —A  heavy  and  nearly  cylindrical  cast  iron  head  fixed  on  the  lower  end  of  the 
stamp  rod,  shank  or  lifter  to  give  weight  in  stamping  the  ore.  The  lower  surface  of 
the  stamp  head  is  generally  protected  by  a  cheese-shaped  *'  shoe  "  of  harder  irtm  or 
steel  which  may  be  removed  when  worn  out.  These  shoes  work  upon  "  dies  "  of  the 
same  form  laid  in  the  bottom  of  the  mortar  or  stamper  box. 

Stamp  Mill  —A  mill  for  stamping  ores  ;  used  for  reducing  those  of  gold,  silver,  tin,  copper,  etc. 

.Siranrjf/«pr(ri«— Carrying  tin. 

Steatite— Or  soapstone  ;  a  massive  variety  of  talc  ;  a  very  soft  rock  having  a  soapy  or  greasy 
feel ;  it  is  a  silicate  of  ma^esia  with  a  little  water. 

Stockwork  —Or  Stockwerke.  A  thick  mass  of  reticulating  metalliferous  veins,  the  country- 
rock  between  them  being  also  chareed  with  pockets  and  impregnations  of  ore. 
Stock  works  have  seldom  any  great  len^h  in  proportion  to  their  width.  They 
may  be  described  as  indefinite  aggregations  or  accumulations  of  ore  of  a  general 
lenticular  form,  but  apt  to  recur,  especially  in  depth  as  if  connected  with  some  line 
of  fracture. 

Stone  Age— The  period  when  man  used  implenr  ents  of  stone  instead  of  metal. 

Stone  of  Ore— A  piece  of  ore. 

Sloping— 'When  a  mine  has  been  opened  by  sinking  shafts  and  driving  levels  (called  simply 
''sinking  and  driving")  the  next  proces^i  is  to  stope  out  the  ore,  which  consists  in 
excavating  it  either  upward  from  the  roof  of  each  level,  called  overhand  stoping,  or 
downward  from  the  floor,  called  underhand  stoping.  The  latter  requires  all  the 
material  to  be  removed  out  of  the  mine,  whereas  by  the  overhand  process  the  refuse 
may  be  left  su     orted  on  stulls  or  flooring  made  of  timber. 
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Stratiji cation— ReXatmg  to  the  arrangement  in  strata  or  layerti. 

Stratigraphy —The  description  of  stratigraphical  arrangement,  or  its  delineation  on  a  map. 

Stratum  — A  bed  or  layer  of  rock  ;  strata,  more  than  one  layer. 

Streak— The  color  of  a  mineral  when  scratched.  When  a  mineral  is  rubbed  on  a  surface  of 
unglazed  porcelain  the  streak  is  well  brought  out. 

Stria  —Fine  parallel  lines,  either  grooves  or  ridgee. 

Strike— The  course  or  bearing  of  tne  outcropping  edges  of  inclined  strata  in  reference  to  the 
horizon,  or  in  other  words  the  strike  is  the  intersection  of  the  plane  of  the  bedding 
with  the  horizontal  plane.     It  is  therefore  at  right  angles  to  the  dip. 

String— A  very  small  vein,  either  independent  or  occurring  as  a  dropper  or  branch  of  a  larger 
vein. 

iSSfnpj>{m;— Removing  the  earth  or  rubbish  from  the  outcrop  of  a  vein  or  from  any  rock > 
surface. 

Structure— Thfi  arrangement  of  rock-masses,  such  as  their  being  bedded,  jointed,  slaty,, 
schintose,  basaltic,  columnar,  etc.:  also  the  attitude  of  rocks  and  their  positiona 
relatively  to  each  other. 

Stull— The  platform  or  Hooriag  of  timber  fixed  between  the  walls  of  a  mine  in  overhand  stop- 
ing  for  receiving  the  refuse  rock. 

Subsidencf—A  sinking  down  of  a  part  of  the  earth's  crust. 

<Su»ip— A  deepening  at  the  bottom  of  a  shaft  to  receive  the  drainage  of  a inine,  and  from- 
which  the  water  is  pumped. 

Superficial  I)fp(j}tit$—  Deposits  forming  the  surface,  mostly  of  a  soft  or  incoherent  character. 
In  Canada  they  include  the  Pleistocene  or  Post-rliocene  and  Recent  deposits. 

Super po%iti on— Th^  order  in  which  rocks  are  placed  above  one  another. 

>Sur/ac/"  r/^o/of///— The  geolog>' of  the  superficial  deposits  and  of  the  surface  of  the  funda- 
mt^ntal  rocks. 

8wah-stick—A  stick  frayed  out  at  one  end  ;  used  for  cleaning  the  sludge  out  of  holes  in  pro- 
cess of  being  bored  for  blasting. 

Syenite  -Originally  api)Iied  to  a  reddish  crystalline  granitoid  rock  from  Syene  in  £gypt,  con- 
.s*gtm(?  of  felspar,  hornblende  and  quartz,  now  called  quarlz-syenite,  while  syenite 
has  ct)me  to  mean  a  crystalline  granitoid  rock  consisting  of  felspar  and  hornblende 
without  quartz. 

Synclinal  —When  stratified  rocks  dip  from  opposite  sides  towards  a  common  line  the  arrange- 
ment is  called  a  synclinal ;  the  reverse  of  anticlinal. 

Syttem—A  great  series  of  strata  having  some  general  character  in  common.  As  a  division  of 
the  rocks  of  the  earth's  crust,  the  system  ranks  next  above  the  formation  in  compre- 
hensiveness. Formations  are  somewhat  local  divisions  and  many  of  them  can  only 
be  recognised  in  one  country,  whereas  the  systems  are  sufficiently  comprehensive  to 
be  rec  >gnis(>d  in  all  parts  of  the  world.  The  systems  in  ascending  order  are  Lauren- 
tian,  Huronian,  Cambrian,  Silurian,  Devonian,  Carboniferous,  Permian,  Triassic, 
Jurassic,  Cretaceous,  Eocene,  Miocene,  Pliocene,  Pleistocene  and  Recent.    See  p.  3. 

TaUings-The  fine  waste  material  from  jiggers  and  crushing  mills.  That  from  the  latter  is 
carried  out  by  water  and  is  as  fine  as  sand. 

TuiZ-rocf— The  channel  for  carrying  uff  the  spent  water  of  a  mill  or  from  a  washing  proce«s. 

Talc— A  very  soft  mineral,  being  1  in  the  scale  of  hardness ;  occurs  in  laminse  like  mica,  but  is 
not  elastic  ;  has  a  pearly  lustre  and  greasy  feel ;  prevailing  color,  greenish  ;  is  a  silicate 
of  magnesia  ;  enters  into  the  composition  of  talcose  schist,  soapstone  or  steatite,  the 
variety  of  granite  known  as  protogene,  etc.;  is  used  in  the  manufacture  of  crayons, 
crucibles  and  porcelain. 

Talcoid — Resembling  talc,  as  talcoid  schist.     See  Sericite, 

Toleosc— Containing  talc  ;  as  potstone,  steatite  and  talcose-schist. 

Talcote  Oranile—See  Protogtnt. 

Talus-lii  geology,  the  sloping  mass  of  fallen  rocks  accumulated  at  the  base  of  a  cliff  or 
precipice. 

Tamping— The  crushed  rock  or  other  material  which  is  hammered  tightly  down  over  the 
explosive  in  a  drill  hole  for  blasting. 

Tamping  Bar— An  iron  bar,  shod  with  copper  to  obviate  striking  fire,  used  for  driving  down 
the  tamping. 

Tar— Soft  i>itch  or  thickened  petroleum,  found  in  cavities  of  some  Iimestone<i,  as  those  of  the 

Comiferous  formation  in  Ontario,  also  in  those  of  the  township  of  Keppel  west  of 

Owen  Sound.     Along  some  parts  of  the  Athabasca  river,  in  the  North-west  territory, 

much  mineral  tar  has  exud^rd  from  the  rocks. 

Terra  Cotta- The  "baked   earth"  of   the  Italians.     Kiln-burnt  clay  assuming   a  peculiar 

reddi'th-brou'n  color  fashioned  into  vases,  statuettes  and  other  mouldings. 
Terra  Sienna  —See  Ochrf. 

Terrace  —A  nearly  lev«l  shelf  of  land  abutting  on  higher  ground  and  dropping  off  suddenly 
on  the  lower  si  ie.     This  ste«p  bank  is  due   to  the  former  wearing  action  of  some 
body  of  water  which  cut  it  away. 
Terrain  — A  group  of  strata,  a  zone,  or  a  series  of  rocks.     This  word  is  used  in  the  description 

of  rrx'k.s  m  a  general,  provisional  or  non-committal  sense. 
Tertiary  Peri'fl  or  Afft  -  AUo  ca\\G<\thiiQ\\rn)Zo\c.     The  third  grand  division  of  geological 
time  above  the  Azoic  or  the  fourth  in  all.     It  comprises  (in  ascending  order)  the 
Eocene,  Miocene  and  Pliocene  systems. 
Tenellaietl—A  surface  divided  in  s(|uares,  or  figures  approaching  squares,  by  joints  or  natural 

divisions. 
Textur*  -Tlie  coarseness  or  fineness,  character,  arrangement,  etc.,  of  the  component  grains- 

or  particles  of  a  rock. 
Thread — An  extn>mely  small  vein,  even  thinner  than  a  string. 
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Throw— See  Fault  and  Ditloeation.' 

7W— The  Scotch  name  for  hard-pan,  boulder-clay,  or  the  unstratified  stony  clays  of  the 

drift  formation  ;  a  convenient  term  now  generally  adopted  by  geologists  for  these 

deposits. 
Titaniferous  —Carrying  titanium,  as  titaniferous  iron  ore.    See  TlmenUe, 
TitanUe —Or  sphene ;  a  mineral  consisting  of  silicate  of  titanium  and  lime,  generally  dark)y 

colored,  occurring  among  the  Upper  Laurentian  rocks. 
Tourmaline— A  mineral  occurring  in  long,  usually  striated  prisms  in  the  ancient  cry^stalline 

rocks ;  generally  dark  in  color,  harder  than  quartz  and  complex  in  composition,  but 

consisting  principally  of  silicate  and  borate  of  alumina  with  some  iron,  magnesia, 

lime,  fluorine  and  different  alkalies. 
Traehyte—A  volcanic  rock  or  lava  common  in  Tertiary  and  Post-Tertiary  times,  consisting 

principally  of  a  glassy  variety  of  orthoclase  called  sanidine  and  some  triclinic  felspar, 

together  with  hornblende,  mica,  magnetite,  etc.    It  is  characterised  by  its  rough 

fracture. 
TrarMi^ton— Intermediate.     A  term  used  by  the  older  geologists  for  rocks  which  came 

between  their  better  defined  divisions ;  but  little  used  at  present. 
Ttanilucent  —  Admitting  the  passage  of  light,  as  milk-quartz,  but  not  capable  of  being  seen 

through. 
TraTM/MirerU— That  may  be  seen  through,  as  rock-crystal,  Iceland-spar,  selcnite,  etc. 
Trap  -A  generaf  term  for  igneous  rocks,  such  as  the  greenstones,  basalts,  amygdaloids,  moat^ 

porphyries,  etc.,  but  too  indefinite  for  modern  geological  language. 
TremoliU—x\.  variety  of  hornblende  in  radiating  or  columnar  aggregates,  generally  light 

colored,  with  pearly  lustre. 
Triassic  <S'y«tetft— The  first  or  lowest  byatem  of  the  Meaozoic  or  secondaiy  period. 
Trilobites—A  family  of  cnistaceans,  so  named  from  their  bodies  as  viewed  from  abrtve  being 

divided  longitudinally  into  three  lobes.      They  embrace  many  genera  and  species ; 

are  most  abundant  in  the  Cambrian  and  Silurian  fiy^tems,  dying  out  in  the  carboni- 
ferous ;  so  that  rocks  in  which  the  remains  of  these  creatures  are  common  may  be 

pronounced  to  be  below  the  coal -bearing  strata. 
TribuUr— One  who  works  a  mine  or  mineral  deposit  for  a  share  of  the  product. 
TroubleSee  Fault. 

Trough — In  geology,  synonymoub  with  Basin  and  Synclinal^  which  see. 
Truck — A  small  tram-car  for  carrying  coal,  rock  or  ore  alonc^  a  level  in  a  mine,  or  out  to  a 

shoot  or  a  dump.     Also  goods  paid  instead  of  money  for  wages. 
Tufa — Any  open,  porous  or  vesicular  mass,  as  volcanic  tufa,  calcareous  tufa,  etc. 
Tunnel — A  level  driven  from  the  side  of  a  hili.  etc.,  into  a  mine,  or  driven  within  the  mine  ; 
:^ :  M        equivalent  to  adit,  level,  gallery,  etc. 
Truncated— Cut  or  broken  off  abrui)tly. 
Tur^^€-/Stom:«— Large  nodular  concretions  found  in  certain  clays  and  marls.     Inform  they 

have  a  rough  resemblanje  to  turtles,  and  this  appearance  is  increased  by  their  being 

divided  into  angular  compartments  by  cracks  filled  with  spar,  reminding  one  of  the 

Slates  on  the  shell  of  a  turtle.  They  are  common  in  the  cretaceous  marls  of  the 
Torth-west  territories. 

Unconforfnablc—See  Conformable. 

Unctuous — A  greasjjT  feel  such  as  that  of  soapstone,  powdered  serpentine,  certain  clays,  etc 

Uthderlie-The  inolmation  of  a  vein  from  the  perpendicular,  whereas  dip  is  the  inclination 
of  a  bed  from  the  horizon. 

Undisturbed— Bi^xikB  which  lie  in  the  positions  in  which  they  were  originally  formed.  See 
•^4  Disturbed. 

Univalve— A  mollusk  having  a  single  shell.     A  bivalve  moUusk  has  two  shells. 

Unstratificd — Rocks  which  are  not  in  beds  or  strata,  as  granite,  syenite,  greenstone,  etc. 

Upheaval- -A  lifting  up,  as  if  by  some  force  from  below,  of  stratified  or  other  rocks. 

Upthrow— An.  upward  displacement  of  rock  along  a  line  of  break  or  fissure. 

Vein— A  fissure,  a  contact-space,  or  a  gash  which  has  been  filled  with  mineral  matter.  After 
a  rent  or  fissure  has  been  formed  in  solid  rock,  there  is  usually  some  dislocation,  so 
that  a  space  is  left  between  the  walls.  This  gives  rise  to  the  fissure  vein.  Similarly 
a  movement  or  dislocation  along  the  contact  of  two  different  kinds  of  rocks  gives 
rise  to  the  contact  vein.  A  gash  vein  terminates  in  a  thin  edge  in  all  directions  or 
has  a  lenticular  form,  and  is  only  exposed  so  that  it  may  be  discovered  by  a  natural 
section  of  the  rock  formed  either  by  the  surface  of  the  ground  or  by  a  cliff. 

Veinstone— T\ie  mineral  matter  filling  a  vein,  exclusive  of  the  ore.     See  Oangae. 

V$it%ed — Marked  or  streaked  with  veins  or  lines  of  color  in  various  directiont<,  as  some  marbles. 

V^-antique  Marble— A  variety  of  green  serpentine  with  patches  and  veins  of  white  calcspar 
and  capable  of  a  fine  polish.  Abundant  In  the  £astem  Townships,  province  of 
Quebec. 

Vermilion — A  bright  red  pigment  consisting  of  the  sulphide  of  mercury.     See  Cinnabar. 

Verttbra-A  joint  of  the  backbone  of  any  vertebrate  animal. 

Vertebrata — One  of  the  provinces  or  primary  divisions  of  the  animal  kingdom. 

Ftffumtor— Containing  little  bladder-like  cavities,  such  as  some  lavas. 

Vitreous— Lake  gl^^aa. 

Vitrify— To  make  like  glass. 

Volcanic  —Pertaining  to  volcanoes.  Volcanic  rocks  are  those  of  igneous  origin  formed  at  or 
near  the  surface,  such  as  lava,  amygdaloid  and  volcanic  ash  ;  whereas  igneous  rocks 
' '  ■  formed  at  a  depth  and  under  pressure  are  generally  crystalline  and  are  called 
'  *^        plutonic.     See  Igneous. 

WaUs  of  a  Fif m— See  Foot  Wall ;  also  Hanging  Wall. 

Wash  DtW— Gold-bearing  earth  worth  washing. 
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Water- sh«i — The  hei^ht-of*Und  or  divide  from  which  the  natural  drainage  of  a  district  flows 

in  opposite  directions. 
Weat?uring— The  change  which  the  surface  of  a  rock  undergoes  by  exposure  to  weather. 
^Vhim—A  large  drum  tor  winding  rope,  revolving  horizontallv  and  kept  in  its  place  by  a 

frame-work.    It  is  worked  by  a  horse  or  horseH  attached  to  a  long  horizontal  hesm 

placed  under  the  drum. 
TTAtn— Whin-stone  or  whin-reck.     The  Scotch   name  for  homstone.     In  Nova  Scotia  the 

miners  apply  this  term  to  a  thick-bedded  rock  composed  of  grains  of  quartz  with 

argillaceous  or  felspathic  matter  which  might  be  called  a  greywack^. 
Whip— A  beam  over  a  shaft,  with  a  pulley  and  rope  for  raising  or  lowering  a  bucket  or  kibble. 

This  IS  done  by  means  of  a  none  going  forward  and  back  again. 
Winze— An  opening  sunk  from  one  level  or  drift  to  another,  but  without  extending  upward 

to  the  surface  like  a  shaft. 
^eo/»^«— A.  numerous  familv  grroup  of  minerals,  found  chiefly  in  volcanic  rocks.    In  com- 
position they  are  alliea  to  the  felspars,  but  contain  water  in  addition. 
Zineblende — Natural  sulphide  of  zinc.     A  crystalline    mineral  with  a  bright  resinous  lustre ; 

generally  of  resinous  or  dark  color  ;  gives  a  white  streak.    See  Blende, 
Zircon—  -A  hard  and  heavy  mineral  found  in  granitic  rocks.     It  consists  of  silicate  of  the 

metal  zirconium.    The  commoner  varieties  are  generally  of  a  reddish-brown  color. 

When  transparent  it  is  prized  as  a  gem . 
Zone— In  geolc^,  used  in  the  same  sense  as  horizon,  to  indicate  a  certain  geological  level  or 

chronological  position,  without  reference  to  the  local  attitude  or  dip  of  the  rock. 
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INDEX   OF    WITNESSES. 

PAOK. 

AdaniSjRobert  C,  mine  manager  (Montreal),  Perth,  Oct.  18 .   53,  175 

Allan,  William  A.,  explorer,  OtUwa,  Oct.  15 150,  178,  424 

Andrews,  Francis,  mining  captain,  Sudbury,  Ausf.  15 104,  282,  241,  311,  426 

Babcock,  John,  prospector,  Sudbury,  Aug.  13 105,  311,  426 

♦Bacon,  D.  H. ,  manager  mining  company,  Tower,  Minn.,  Aug.  29 125 

Bailev,  J.  C,  civil  engineer,  Toronto,  May  18,  1889      57 

Bailey,  R.  E.,  prospector  (Milwaukee),  SaultSte.  Marie,  Aug.  3 60,  143,  203,  231,  308,  396 

Barron,  John  A.,  M.P.,  barrister  (Lindsay),  Toronto,  Nov.  28    ...  .  237,  396 

Bartlett,  J.  H.,  engineer,  Montreal 396 

Bawden,  Joseph,  barrister,  Kingston,  Oct.  9 52,  133,  160,  170,  233,  390,  427 

Baxter,  Hon.  Jacob,  M.P.P.,  phybician,  Cayuga,  Nov.  9 55 

Bell,  B.  T.  A.,  journalist,  Ottawa,  Oct.  16,    177,  313,  423 

Bell,  James,  general  agent,  Arnprior,  Oct.  13 53, 141,  173,  427 

Bell,  James,  registrar  of  South  Lanark,  Perth,  Oct.  18 173 

Borron,    Edwani    B.,   stipendiary  magistrate    for  Northern  Nipissing  (Collingwood),   Toronto, 

Nov.  28 69,  92,  114,  147,  194,  238,  242,  316,  402,  428 

Boyle,  David,  curator  Canadian  Institute,  Toronto,  Nov.  28 423 

Brodie,  Robert  J.,  manufacturer  of  superphosphates.  Smith's  Falls,  Oct.  18 179 

Brown,  David,  manufacturer,  Paris,  Nov.  8 121 

Bunting,  Robert,  explorer.  Rat  Portage,  Aug.  24 *    118 

Burke,  I).  F.,  Port  Arthur,  Aug.  20 233,  312,426 

Butterfield,  D.  W.,  mining  superintendent  (Waukeegan,  111.),  Denison  township,  Aug.  11...  105,  113,  424 

Caldwell,  William  C,  M.P.P.,  lumberman  (Lanark),  Perth,  Oct.  18 140,  233,  393,  427 

Campbell,  James  B. ,  explorer  (Kinmount),  Toronto,  Not.  28 83,  132,  173,  3H5 

Campbell,  J.  S.  (Perth),  Calabogie,  Oct.  11 136,233 

Campbell,  P.  C,  crown  timber  agent  (Sault  Ste.  Marie),  Sudbury,  Aug.  14 59,  112,  143,  231,  310 

Carpenter,   Albert,   manufacturer,   Hamilton,  Nov.  27 86,  235 

Carter,  James,  salt  manufacturer,   Courtright,  Nov.  7 158,  191,  236 

Cattanach,  A.  J.,  barrister,  Toronto,  Nov.  28   115,195,241,315,396,428 

Charlton,  B.  E.,  manufacturer,  Hamilton,  Nov.  27    113,  232,  310,  427 

Clute,  R.  C,  barrister,  BelleviUe,  Oct.  22 133,233 

Clymo,  Charles,  miner,  Carleton  Place,  Oct.  17 141,  146 

Coleman,  Timothy,  medical  practitioner,  Seaforth,  Oct.  30 54,  187,  236 

Conmee,  James,  M.P.P.,  contractor,   Port  Arthur,  Aug.  20 232,  312,  426 

Copp,  >fV  illiam,  iron  founder,  Hamilton,  Nov.  27 400 

Cozens,  Joseph,  land  surveyor  (Sault  Ste.  Marie),  Toronto,  Oct.  29 60 

Cyrette,  Ambrose,  explorer.  Port  Arthur,  Aug.  23 115,  202,  813 

Davies,  William,  mining  superintendent.  Perth,  Oct.  18 174 

Dawson,  Simon  J.,  M.P.,  Port  Arthur  Aug.  18 61,  84, 118,  197,  232,  289,  311,  424 

*  Deroche  &  Burrows,  Napanee,  Oct.  24 112 

Dewar,  J.  D.,  assaver,  Toronto,  Nov.  30 54,  114 

Dingman,  Archibald  W.,  manufacturer,  Toronto,  March  15,  1889 v .  152 

Dobson,  Charles,  assayer,  Toronto,  Nov.  30 112 

Duncan,  A.  G.,  prospector  (St.  Joseph's  Island),  Oenison  tp.,  Aug.  11 113,  309 

Fairbank,  J.  H..  banker,  Petrolia,  Nov.  5 158 

Fides,  James,  Petrolia,  Nov.  6 164 

Folger,  B.  W.,  railway  superintendent,  Kingston,  Oct.  10 135,  233,  391 

Foxton,-  James,  phosphate  miner,  Sydenham,  Oct.  24 53,  171 

Fralick,  E.  B.,  county  judge  (Belleville),  Madoc,  Oct.  2 87,  111,  427 

Frood,  Thomas,  lumberman,  Montalba,  July  31 59,  114,  142,  231,  307 

Galbraith,  John,  professor  of  engineering.  Toronto,  Nov.  30 425 

Gallagher,  Joshua,  miner  (Bathurst  tp.),  Perth,  Oct.  20 138 

♦Gerhauser,  William,  secretary  of  Union  Iron  company,  Detroit.  Mich.,  Nov.  9 899 

Gibbon,  William  S.,  journalist^  Little  Current,  July  30 84, 167,  307 

Gill,  Alexander,  manufacturer,  Paris,  Nov.  8 121 

Glenny,  Robert,  manufacturer,  Cayuga,  Nov.  8 121 

Gordon,  W.  H.  Lockhart,  barrister,  Toronto,  Nov.  28 173,237,818,  429 

Grady,  Michael,  contractor,  Kingston,  Oct.  10 52,  135 


Note.— This  index  gives  the  name  of  each  witness,  with  place  and  date  of  examination.    The  words 
in  parentheses  are  the  places  of  residence  of  witnesses  who  gave  testimony  at  some  other  point.    An 
Atfterisk  (*)  indicates  that  the  witness  was  not  examined  upon  oath.     Excepting  where  otherwise  specified, 
*^be  witneasea  were  examined  in  the  year  1888. 
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Graham,  Henry,  merchant  (Kinmoant),  Toronto,  Nov.  28 896> 

Grant,  Sir  James,  physician,  Ottawa,  C'ct  16 180,  424 

Gray,  WiUiam,  salt  mfr.,  Seatorth,  Oct.  30 187,  286: 

Hammond,  William,  Petrolia,  Nov.  6 166^ 

*Harrison,  J.  E.,  merchant,  Bridgewater,  Feb.  19,  1889 82 

Harvey,  Arthur,  Toronto,  Nov.  30 116,240,  316,  896,428,446- 

Haskins,  John  C.  merchant.  Port  Arthur,  Aug.  23 62,  202,  427 

Haycock,  Edward,  civil  engineer,  Ottawa,  Oct.  16 56 

Hedgfs,  Henry  S.,  prospector  (Little  Current),  Montalba,  July  3 143,  308 

Hedley,  Robert,  assaver,  Sudbury,  Aug.  13 69,  105,  203,  310 

Heenan,  George,  explorer,  Rat  Portage,  Aug.  24 116 

Henson,  Dr.,  medical  practitioner,  Aug.  24 64,  118,  145,  448 

Hickg,  WiUiam,  Perth,  Oct.  18 112 

Hooper,  Thomas,  mining  superintendent,  Beaver  mine,  Aug.  20  .    144,  198,  232,  240,  426 

Hope,  George,  wholesale  merchant,  Hamilton,  Nov.  27     234,  400 

Hopkins,  Charles,  mining  captain,  Beaver  mine,  Aug.  20 200 

Howland,  Henry  S.,  merchant,  Toronto,  Nov.  30  234,  242,  396 

Hynes,  M.  J  ,  mfr.  terra  cotta,  Toronto,  Nov.  30 85 

James,  Joseph,  manufacturer  (Bridgwater),  Madoc,  Oct.  3 87 

Johnston,  L.  J^  merchant,  Caledonia,  Nov.  9  122" 

Jones,  H.  C,  Toronto,  Nov.  30 316 

Keefer,  T.  A,  barrister.  Port  Arthur,  Aug.  25 62 . 

Kelly,  William,  merchant  (Marmora),  Belleville,  Oct.  22 53,  234 

Kerr,  James,  oil  expert,  Petrolia,  Nov.  6 162 

Kettle,  Charles,  prospector,  Sudbury,  Aug.  13   112,  310 

Kittredge,  H.,  oil  renner,  Petrolia,  Nov.  6 55,  161 

Lacev,  Jonathan  P.,  merchant,  Sydenham,  Oct.  25 149 

Laidlaw,  Adam,  iron  founder,  Hamilton,  Nov.  27 234,  401 

Latimer,  J.  F.,  assayer,  Toronto,  Nov.  30 116,  316 

Laird,  W.  H.  (New  York),  Port  Arthur,  Aug.  20 235,  312,  426 

Ledyard,  Thomas,  barrister,  Toronto,  Nov.  28   130,  234,  394 

Lobb,  James,  commission  merchant,  Toronto  Nov.  30 396 

McCharles,  ^neas,  mining  broker,  Sault  Ste.  Marie,  Aug.  3 60,  231,  308,  426 

McCormack,  Robert,  prospector,  Sudbury,  Aug.  13 106, 112,  310,  426 

McDonald,  A.  A.,  contractor,  Madoc,  Oct.  27 80 

McDonald,  A.  R.,  marble  manufacturer,  Amprior,  Oct.  13    82 

McEachem,  Duncan,  explorer  (Black  Bay),  Port  Arthur,  Aug.  23 813 

McEwan,  Peter,  Halt  manufacturer,  Goderich,  Nov.  2 54,  190,  237 

•Mcintosh,  H.  P.,  sec.  Canadian  Copper  Co.  (Cleveland,  O.),  Jan.  28,  1889 103,  239,  241,  317,  406 

McKellar,  Peter  (Fort  WiUiam),  Port  Arthur,  Aug.  18 61, 115, 144, 197,  232,  311,  426 

McLean,  Alexander,  granite  and  marble  mfr.,  Ottawa,  Oct.  16 88,  236 

McMartin,  George,  explorer  (North  Burgess),  Perth,  Oct.  19 150,  176 

McOuarrie,  John,  lumberman  (Rat  Portage),  Toronto,  Feb.  20,  1889 64 

Machar,  J.  M. ,  barrister,  Kingston,  Oct.  9 145 

Margach,  William,  Crown  Lands  agent.  Port  Arthur,  Aug.  20 144,  233,  311 

Marks,  Tliomas,  merchant.   Port  Arthur,  Aug.  20 79,  235,  311,  429 

Massey,  H.  A.,  agricultural  implement  mfr.,  Toronto,  Nov.  28 40l 

Matheson,  Alexander,  merchant,  Rat  Portage,  Aug.  24 117,  427,  446 

Menzie,  R.  E.,  oil  refiner,  Petrolia,  Nov.  6 164 

Miller,  James,  hotel-keeper  and  prospector,  Sault  Ste.  Marie,  Aug.  3 106.  203,  308 

Millei,  Frederick,  mining  engineer,  Toronto,  Nov.  30 65,  119,  318,  396 

Mitchell,  George,  mining  broker,  Rat  Portage,  Aug.  24 64,  117,  313,  446 

Montgomery,  W.  N.,  mining  captain.  Crown  Point  mine,  Aug  21 201,  240,  312 

Moore,  Edward,  lumberman,  Ottawa,  Oct.  6 106 

Moore,  Nathaniel  D.,  explorer,  Kingston,  Oct.  10     171,  233 

Morris,  Charles  S.,  real  estate  agent,  Toronto,  Nov.  30 318 

Morris,  WiUiam  J.,  civil  encrineer,  Perth,  Oct.  18 53,  80,  137,  173, 181 

Murdoch,  William,  civil  engineer.  Port  Arthur,  Aug.  23 64,  144,  153,  202,  240,  312,  427,  446 

Murray,  Hewson,  barrister,  Toronto,  Nov.  80   85 

Mutton,  S.  S.,  real  estate  agent,  Toronto,  Nov.  30 86- 

Newman,  W.  T.,  prospector,  Toronto,  Nov.  30  142,  204 

Nicols,  Henry  H.,  mining  supt..  West  Silver  Mountain  mine,  Aug.  21 202,  232,  240,  427 

Noble,  John  D.,  oil  ojjerator,  Petrolia,  Nov.  6 165 

Norris,  Edward,  Sault  Ste.  Marie,  Aug.  8 102,  203,  309 

*0'Keefe,  Michael,  prospector,  Tiwer,  Minn.,  Aug.  28 125 

Pattullo,  Dr.  Alexander,  medical  practitioner,  Toronto,  Nov.  30 79 

Peters,  Dr.  Edward,  jr.,  mining  engineer,  Sudbury,  Aug.  15 103,  232,  310,  404 

Plummer,  WiUiam,  mining  capuin  (Montreal),  Port  Arthur,  Aug.  18 100, 143,  239,  812 

Plummer,  W.  H.,  merchant,  Sault  Ste.  Marie,  Aug.  3 101,  231,  309,  404,  424 

Proctor,  James,  barrister,  Toronto,  Nov.  28 114,  234 
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Prout,  Frank,  Bruce  Mines,  Aug.  2 101,404 

Puaey,  Charles  J.,  miner  and  contractor  (Irondale),  Toronto,  Feb.  22,  1889 52, 131,  234,  316,  388 

Ranger,  Henry,  prospector  (Mattawa),  Denison  tp.,  Aug.  11   106, 113,  142,  309,  425 

Kansford,  John,  salt  mfr.,  Clinton,  Nov.  1 189,236 

Rathbun,  E.  W.,  manufacturer,  Deseronto,  Oct.  23 84,  316,  398 

Battle,  William,  mining  engineer  (ClevtBland),  Kingston,  Oct.  10 52,  138,  892 

Richardson,  George,  commission  merchant,  Kingston,  Oct.  9  53,  170 

Riopelle,  Joseph,  Ottawa,  Oct.  16 106 

Rogers,   F.   C,   merchant  and  salt  mfr.,  Brussels,  Oct.  31 188 

Roland,  Walpole,  land  surveyor.  Port  Arthur,  Aug.  23 62,  202,  316 

Rothwell.  Henry,  miner,  Beayer  mine,  Aug.  21 200,  240,  312 

Royce,  Thomas,  farmer  and  prospector.  Darling  tp.,  Oct.  12 140 

Russell,  William,  land  surveyor.  Port  Arthur,  Aug.  20 62,  144,  203,  312 

Sawyer,  Alexander,  prospector  (Mattawa),  Sault  Ste.  Marie,  Aug.  3 143 

*Sedgwick,  William,  supt.  Bamum  mine,  Ishpemmg,  Mich,  Sept.  3 126 

*Sellwood,  Mr.  manager  of  Chandler  mine,  £ly,  Minn.,  Aug.  28 126 

Selwyn,  Dr.  Alfred  R.  C,  director  Geological  Survey,  Ottawa,  Oct.  15 65,  313,  423 

Seymour,  F.  E.,  Madoc,  Oct.  2 389 

Shaw,  George  A.,  Toronto,  Nov.  28 105,  112,  240,  395,  428 

Shear,  Herbert,  mining  supt..  Badger  mine,  Aug.  20 199 

•Sheridan,  James,  explorer.  Tower,  Minn.,  Aug.  28 126 

Sherrett,  R.  C,  miner,  Dalhousie  tp.,  Oct  19 139,  181 

•Shortiss,  Thomas,  Toronto,  Nov.  28 394 

Sinclair,  Duncan,  well  digger,  Petrolia,  Nov.  6 55, 166 

Skewes,  John  S.,  mining  captain,  Echo  River,  Aug.  0 147,  231 

Smith,  Boyd,  phosphate  miner  (Washington,  D.  C),  Eagle  Lake,  Oct.  20 172 

Snow,  Moses,  quarry  supt.  (Bangor,  Me.),  Garden  River,  Aug.  7 83,  235 

Sperry,  Francis,  chemist  and  assayer,  Sudbury,  Aug.  15 59,  104,  112,  232,  311 

Stewart,  D.  E.  K.,  barrister  (BelleviUe),  Madoc,  Oct.  1 53.  110,  149,  424 

Stewart,  John,  mining  engineer,  Ottawa,  Oct.  16 Ill,  132,  314,  402 

Stobie,  James,  prospector,   Sudbury,  Aug.  13 58,  104,  112,  143,  231,  310,  426 

Tavlor,  Charles,  engineer  (Bridgewater),  Madoc,  Oct.  2 52,  86,  111,  133 

Tolmie,  John,  sec.  Ontario  People's  Mfg.  Co.,  Kincardine,  Nov.    1   189,  236 

Towers,  Thomas  A.  P.,  court  registrar,  Sault  Ste.  Marie,  Aug.  9 60,  309,  425 

Trethewey,  T.  H.,  mining  supt.,  East  Silver  Mountain  mine,  Aug.  21 102,  201,  232,  240,  312,  427 

Wager,  Leonard,  Tamworth,  Oct.  24 133 

Walker,  Byron  E.,  bank  manager,  Toronto,  Nov.  30 180,  420 

Wallbridge,  H.  H.,  BeUeville,  Oct.  22 133,  234,  393 

Ward,  William,  uolice  inspector,  Toronto,  Nov.  28 114,  315,  428 

Whitney,  ^ward  J.,  quarry  supt.  (Govemeur,  N.  Y.),  Madoc,  Oct.  1 80,  235 

Williams,  Joseph,  salt  mfr.,  Goderich,  Nov.  2 190,  237 

Williams,  J.  S.,  mining  captain,  Beaver  mine,  Aug.  21 103 

Wolfe,  1}  rederick,  oil  refiner,  Petrolia,  Nov.  6 164 

Woodward,  Martin,  oil  refiner,  Petrolia,  Nov.  5 156 

Wright,  E.  v.,  lumberman,  Ottawa,  Oct.  15 142, 151,  313 

Wright,  John  K.,  prospector  and  e.xplorer,  Rat  Portage,  Aug.  24 116,  313,  446 

Wyhe,  W.  H.,  mfr.,  Cfarleton  Place,  Oct.  17 83,  140,  146,  233,  316,  393 


GHNERAL   INDHX. 

Abittibi  lake,  iron,  23 ;  Copper,  24. 

Abittibi  river,  lig^nite,  70. 

Actinolite  or  tibroufl  Heri)eiitine,  31,  52,  73  ;  Manufactured  at  Bridgewater,  79,  86,  87  ;  Market  for,  87. 

Acetate  of  lime,  88. 

Ada  G.  gold  mine,  116,  117. 

Adam's  lake,  iron,  140. 

Addington,  mica,  149  :  Iron,  130,  205 ;  Phosphates,  436,  437 ;  Gold,  112. 

A^tes,  39,  61,  205. 

Aids  in  studying  min^raU,  448. 

Alabastine.     See  (Typsum. 

Alabastine  c<jmpany,  gypsum,  119,  121,  122. 

Albite,  442. 

Alaska,  gold  mine  (Treadwell)  contrasted,  27. 

Albany  river,  5  ;  Iron,  23. 

Algoma  sand,  4,  51. 

Algoma  and  Niinssing  district,  minerals,  59,  99,  113,  143,  233 ;  Needing  free  trade,  231. 

Alumina,  444. 

Amethjst-,  61,  205. 

An^lo-Canadian  Phosphate  company,  175,  440. 

Ammikie  fomiutiMn,  ,'U,  tt6,  68;  Geographical  distribution,  32 ;  Silver  bearing,  33,  36. 

Animikite,  33. 

Antimony,  30,  118,  2011,  243,  244,  459,  525. 

Antler  river,  iron,  22,  61,  123,  144. 

Apatite,  436.     See  Phosphate  of  Lime. 

Appendix,  431. 

Argyle,  gold  mine,  6."i,  118. 

Amprior,  marble,  69,  76,  82  ;  Iron,  129,  137. 

Arsenic,  30,'  72,  113,  116,  117,  181,  404,  205,  444 ;  Statistics  of,  72,  210,  243. 

Artemesia  gravel,  4,  51. 

Asbestos,  31,  57,  205,  243,  525. 

Assumption  river,  nickel  and  cobalt,  443. 

Attic-Okan,  iron  depoHit,  123,  144. 

Attrill's  salt  well,  ( ioderich,  185. 

Austin  copi>er  mine,  with  map,  92. 

Austria-Hungary,  nn'ning  laws  of,  297  ;  Mining  academies  in,  513. 

Azoic  period,  6. 

Badger  silver  mine,  :^5,  62,  63,  193,  198,  199,  200,  203,  428. 

Baffot  iron,  128,  135.  136,  140. 

Bimarat  School  of  Mines,  521. 

Bancroft,  iron,  53. 

Barr's  phoHphate  mine,  440,  441. 

Barrie  (Frontenac)  marble,  69,  80. 

Barytes,  31,  53,  205,  243,  526. 

Banwood  lake,  iron,  144. 

Bastard,  sandntone  in,  80. 

Batchawana  bay,  minerals,  26,  60 :  Sandstone,  40 ;  Iron,  23. 

Bathurst,  iron,  135,  187,  138,  140;  Barytes,  63. 

Battle  island,  cftpper,  36. 

Beachville  lime,  55. 

Beaver  Mountain  Silver  mine,  33,  36,  62,  63,  67,  192,  196,  197,  198, 199,  200,  203,  208,  428. 

Bethlehem  Mining  company,  134. 

Beck  or  Silver  Harbor  mine,  33,  34,  198. 

Bedford,  iron  and  plumbago,  .52,  128,  184  ;  Mica,  160 ;   Phosphate,  170,  172,  174,  175,  176 ;  Iron  company, 

1.33,  134,  135,  233. 
Belgium,  minine  lawH  of,  298. 
Bell's  iron  locations,  129  ;  Phosphate,  438,  441. 
Belmont  mine,  127  ;  Estimates  for  iron  furnace  at,  334. 
Bennett's  lake,  iron,  1.38. 
Beveri^  lake,  iron,  142. 
Big  Bear  silver  mine,  199. 
Big  Harry  .silver  mine,  199. 
Big  Stone  bay,  gold,  117. 
Bird's-Eye  formation,  41. 
Bismuth,  30,  (;2. 

Black  bay,  granite,  62,  206 ;  Galena,  10,  36,  38,  63,  147. 
Black  lake  location,  52,  134. 
Black  River  formation,  41 ;  Granite,  61 ;  Molybdenite,  61.  j| 
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BlAirton  iron  mine,  127)  190. 

Blanche  river,  copper,  24. 

Blast  furnaces.     See  Smelting. 

Blende.      See  Zinc. 

Blende  lake,  zinc,  30. 

Blessington  phosphate  mine,  172. 

Blezard,  copper,  24,  68,  89 ;  Copper  and  nickel,  483. 

Blyth.  salt,  45,  185,  187. 

Bob's  lake,  iron,  137  ;  Phosphates,  167, 170,  174, 176,  176,  177,  437. 

Bochum  Mining  School,  496. 

Bog  ore.      See  Iron. 

Bonner  location,  silver  and  nickel  ore,  60,  61. 

Bosanquet,  fossils,  422. 

Bothwell  oU  district,  160,  161 ;  Salt,  65,  186. 

Boulder  island,  gold  location,  118. 

Boulders,  origin  of,  IB. 

Bovd  Smith,  phosphate  mine,  63, 167,  172, 177,  439. 

Brick,  72 ;  Clay  for,  73 ;  Pressed,  78,  85  ;  Statistics  of,  212,  213,  229,  243. 

Bridgewater,  marble  quarry,  75,  81,  82,  2i36 ;  Actinolite,  79,  86,  87  ;  Cement,  87  ;    Mica  grinding  for  lubri- 
cating, 87. 

British  Columbia  mining  laws,  273. 

British  North  American  Mining  company,  98. 

Bruce  Mines,  gold,  25  ;  Copper,  23,  68,  88,  92,  100 ;  Value  of  output,  23,  91,  101  ;  History  of  the  mines, 
92 ;  System  of  working  mines  94 ;  Deterioration  of  vems,  96  ;  Extent  of  mming  operations, 
100,  101;    Shipments  of    ore,  101;    Smelting  works,  378,  402,  403,  404. 

Brussels,  salt,  54,  185,  188. 

Buckingham,  phosphate,  169,  178,  180. 

Building  stoues,  41,  43,  45,  61,  72,  73,  74,  79,  80,  205 ;  Statistics  of,  72,  209,  210,  211,  213,  214,  216,  217,  228, 
233,  243,  525. 

Bureau  of  Mine**,  407  ;  ProF>o8ed  work,  408  ;  Equipment  of  the  office,  411. 

Burgess,  mica,  148,  150,  440 ;  Phosphate,  168,  169,  172,  173,  174,  175,  176,  177,  178,  180,  440 ;  Barytes,  .53 ; 
Iron,  140. 

Burnt  island,  quartz  connection  with  Silver  Islet,  35,  197. 

Burnt  river,  iron,  52,  131. 

Calaboifie  mine,  128,  135,  136,  140,  233  ;  No.  4,  128,  233. 

Calabogie  Mining  Co.,  136. 

Calciferous  formntion,  41. 

Calcite,  442,  450. 

California  School  of  Agriculture  and  Mechanic  Arts,  506  ;  College  of  Mining,  511. 

Calumet  mine,  36,  61,  67,  197, 455. 

Cambrian  system,  31. 

Cameron  gold  mine,  110. 

Canada  Consolidated  gold  mine,  28,  106. 

Canadian  Copper  Co.,  58,  89,  103,  104,  239,  433. 

Canada  Gold  Mining  company,  171. 

Canadian  Granite  company's  works,  Ottawa,  74,  75,  76,  83. 

Capital  invested  in  mining,  208. 

Carleton  Place,  Ramsay  lead  vein,  41,  145,  146  ;  Iron,  68. 

Carriboo  mine,  199,  200. 

Cascade  mine,  galena,  29,  30,  147. 

Cayuga,  gypsum,  45,  119,  121 ;  Cement,  55,  77. 

Cedar  lake,  gold  vein,  117. 

Cement,  55  ;  Tests  of  strain  at  Napanee,  77  ;  Napanee  works,  84  ;  at  Bridgewater,  87 ;  Statistics  of,  72, 

213,  229,  243,  525. 
Chabasite,  442. 
Chalcedony,  442. 
Chandler  iron  mine  at  Ely,  126. 
Charcoal,  88,  215,  216,  217,  227,  243,  341,  356,  390,  391,  393,  396,  399,  409,  468,  480,  482  ;  By-products  of,  393, 

481. 
Charcoal  iron,  328,  468.     See  Iron  and  Smelting. 
Charles  Jones  copper  location,  60. 
Charleston  lake,  iron,  140. 
Charlotteville  blast  furnace,  319. 
Chazy  formation,  41. 
Chemung  and  Portage  formation,  47. 
Chisholm  quarries,  73. 
Chlorite,  442. 
Chrome,  461. 
Chromic  iron  ore,  243. 
Clarendon,  marble,  80. 
Clausthal  Mining  Academy,  513 
Clay,  243.     See  Brick,  Terra  Cotta  and  Kaolin 
Clay  ironstone,  47. 
Clear  lake,  apatite,  439,  441. 
Clear  river,  gold,  65. 
Clear  Water  bay,  gold,  118 
CJinton  formation.  43. 
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Clinton,  salt,  45,  185,  189. 

Goal,  57  ;  Statistics  of,  209,  213,  214,  239,  243,  244,  525. 

Cobalt,  30,  443,  458. 

Coe  iron  location,  128. 

Coe-hill  iron  mine,  123, 127. 

Coffin,  iron,  143. 

Coke,  212,  213,  215,  216,  217.  239,  243,  396. 

Collection  of  minerals,  204. 

CoUinf^ood,  shale  oil,  42  ;  Natural  gas,  151,  152. 

Colorado  mining  laws,  280  ;  School  of  Mines,  427,  609. 

Columbia  College  School  of  Mines,  416,  423,  502,  509. 

Comber,  natural  gas^  151,  156, 158  ;  Petroleum,  156 ;  Record  of  boring  at,  186. 

Combination  gold  mine,  116,  117. 

Commercial  conditions,  influence  of  upon  the  mining  industry,  205 ;  Extent  and  variety  of  the  minera 
resources  of  Ontario,  205 ;  Eastern  Ontario.  206  ;  Northern  region,  205 ;  Imperfect  knowledge 
of  our  unexplored  territory,  206 ;  Value  of  tiie  disputed  territory,  206 ;  Means  of  development, 
207  ;  CIaim<«  of  the  Port  Arthur  silver  range,  207  ;  A  mining  r^on  of  great  promise,  208  ;  Exten- 
sive iron  deposits,  208  ;  Mining  capital  and  management,  208 ;  Value  of  mineral  products,  209 ; 
Ontario  mineral  exports,  210 ;  Exports  from  Ontario  by  countries,  211 ;  Exports  by  minerals,  211 ; 
Comparison  with  Lnited  States  products,  212  ;  Elements  of  a  fair  comparison,  212  ;  Articles  elim- 
inated from  the  Canadian  table,  212 ;  Table  of  comparative  production,  213 ;  Value  of  mineral 
exports  from  Ontario  and  Canada,  214,  238 :  The  TTnited  States  our  principal  customer,  214  ; 
Po^rtibility  of  larger  production,  215  ;  Charcoal  iron,  215  ;  C<ike  iron,  216 ;  Annual  consumption  of 
iron  in  Canada,  216 ;  Limits  of  production  in  Ontario,  217  ;  Gold,  silver  and  copper  production, 
217 ;  Production  of  salt,  217,  228 ;  Marble  and  building  stone,  217 :  Some  things  the  Dominion 
Government  might  do,  218  ;  Inter-continental  and  inter-provincial  trade,  218 ;  Geographical  con- 
ditions, 219 ;  The  energetic  zone  of  the  continent  and  Ontario's  place  in  it,  219  ;  Ethnological  con- 
ditions, 220 ;  Movements  of  population,  220 ;  Economic  conditions,  221 ;  Experience  under  the 
reciprocitv  treaty,  221 ;  Evil  effects  of  a  restrictive  policy,  222  ;  Commercial  and  business  con- 
siderations, 222  ;  Iron  and  iron  ore.  223  ;  The  world's  proanction  of  pig  iron,  224  ;  United  States 
production  of  iron  and  steel  in  1876  and  1888,  224  ;  Possible  expansion  of  the  iron  industry  in 
Canada,  225 ;  Export  of  iron  ore  from  Canada,  225  ;  Iron  ore  shipments  from  Lake  Sui>erior  mines, 
226 ;  How  unrestricted  trade  would  operate,  226  ;  Charcoal  iron  produced  in  Michigan,  227  ;  Copper 
and  nickel,  227  ;  Salt,  228 ;  Structural  materials,  228;  Scope  and  results  of  inter-continental  free 
trade,  229 ;  Mining  industries  of  the  United  States  and  Canada  contrasted,  230 ;  Evidence  and 
statistics,  230 ;  Influence  of  free  trade  with  the  United  States  upon  the  mining  industries  of 
Ontario,  231,  232  ;  English  and  American  capital  and  management,  231 ;  Effects  of  the  duty  on 
iron  ore,  mining  machiner\'  and  salt,  231 ;  United  States  market  for  lead  ore,  231  ;  Du^  on 
machinery,  218,  232 ;  Capital,  markets  and  railway  communication  necessary,  232 ;  Capital  invested 
in  mining  enterprises,  233.  235;  American  capital  and  market  require,  233;  American  and  European 
markets,  234  ;  Value  of  tne  United  States  market  for  iron  oren,  234  ;  Sewer  pipe,  235  :  Marble  and 
sandstones,  235,  230 ;  Market  for  Madoc  marble,  235 ;  (;iranite,  ^6  ;  Salt  wants  a  larger  market, 

236  ;    United    States    and    English  com{>etition   in  salt,   237  ;    Canadian    market  too  limited, 

237  ;  No  prospect  of  working  Haliburton  minerals  without  an  American  market,  238 ;  Ways  of 
fostering  and  injuring  the  mining  industry,  238;  Customs  duties  and  exactions,  238,  239;  Bounty 
on  pr*>duction  of  ores  and  metals,  238,  239  ;  Construction  of  roads  and  railways,  232,  239,  240, 
241,  242 ;  Promising  work  Htop|:>ed  for  want  of  railway  communication,  240 ;  Minnesota  iron 
rant^e  railway,  241 ;  Money  subsidies  preferred,  242 ;  Railway  extension  has  cheapened  minerals,  242 ; 
Land  sabnidy  for  railway  construction,  242  ;  Table  I,  Mineral  productions  of  Canada  in  1886  and 
1887.  243 ;  Table  ii,  ^^uantity  and  va^ue  of  mineral  exports  from  Canada,  244-245 ;  Table  lii, 
Im(>^>rtM  of  iron  and  bUaA  manufactures,  (by  quantity)  246-248  ;  Table  iv.  Imports  of  iron  and  steel 
manufactures,  (by  valu**)  249-254  ;  Canadian  consumption  of  iron,  397  ;  Balance  of  trade,  397 ; 
Valu*-H  of  impx>rtM  Vjy  claHHe^*,398  ;  English  duties  on  bar  iron,  399 ;  Mineral  productions  of  Canada 
and  the  United  States  in   1888,  524,  525. 

Commission,  t^xt  of  the,  vii. 

Connolidated   gold  mine,  72,  10*»  ;  Description  of,  107,  110  ;  Extracting  ore  from  tailings  at,  HI. 

Consolidated  Silver  Islet  con)[>an>,  196. 

Consumers' oil  refinery,  VA. 

Contents,  iii. 

Copper,  10,  IIH,  217  ;  First  di■^coveries,  23,  92  :  in  Bruw*  Mines  and  Sudbury  regions,  23,  24,  .56,  58,  69, 
HO,  63,  67,  ♦VH,  88,  205,  403,  425,  433 ;  Value  of  the  output  at  Bruce  Mines,  23,  91,  101  ;  Copper 
and  nickel,  Xi,  8M,  205,  227,  444  ;  A  p^pjjer  belt,  24  ;  Native  cop|)er  on  lake  Superior,  36  ;  on  the 
North  Shor**,  li**  ;  on  Michipic^>ten  island,  39,  60,  98  ;  in  Temagami  regrion,  56 ;  in  lake  Superior 
region,  61  ;  ^^unrty/is*?' veins,  il7  ;  Sudbury  mines,  88  ;  Vermilion  mine,  89  ;  Krean's  location,  80  ; 
St^jbie  rninH,  H'.) ;  f>>pfjer  cliff  mine,  90  ;  Evans  mine,  90  ;  Wallace  mine,  90  ;  Bruce  and  Welling- 
ton mine's,  111,  KJ^K  101  ;  Austin  mine,  with  map,  92;  Mining  in  the  lake  Superior  and  lake 
Huron  di»»tri':tM,  '.t2  :  Mamainsf  h>cation,  98^  102  ;  Extent  of  the  cojiper  bearing  country,  99  ; 
Prol>ability  of  fiirth«T  diiuM»veries,  99  ;  Conditions  necessary  U)  profitable  mining,  99  ;  Shipments 
of  ore,  101,  Un?  ;  La^ly  .Macdonald  mine,  104;  Graham  township  locations,  105;  at  Straight 
lake,  IW  ;  Huti'^f.ies  of.  72,  2f/J,  210,  211,  213.  214,  218,  243,  244,  526  ;  The  duty  on,  231,  232  ; 
Smelting  of,  370,  374,  'M),  40:i,  401,  405  ;  t/ualitios  of  the  metal.  455. 

Copiwr-hay  hxiation,  2.'*,  91.  Jf7. 

C>pr)er-clitf  mine,  21,  fiH.  '.H),   WKi,   101,  405,  433  ;  Smelting  furnace  at,  378,  435. 

Cornell  univer.'<ity  technical  sclu***!,  503. 

Corniferous  formation,  46  ;  Yielding  iKitroleum,  47. 

< 'ourtright,  salt,  .'>5,  186,  191  ;  Natural  gas,  151,  153. 

Craig  gold  mine,  110. 

Creighton,  argentiferous  galena,  29  ;  Cop|ier,  433  ;  (iold  and  silver,  59. 
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^>' >•«  *aMr>r,  Ht.  .^^  5C. 

\pid\¥^tm^,  ^'m^  Vi^  U&<  IM,  UGr.  230 ;  XielcAi,  1^1 

iPM^tng,  tt*m  *fr^  Ul,  ITSf,  Vf7,  Vm,  1«>.  141^  Itf  ;  ^vrjtentintt,  «3. 


hmtimm,  mtwmU.tmf ;  HtU^,  2» ;  G<^  91,  »«  205;  Copper.  24.  S^^.  9^,  104.  10 J.  1(K,  K«^.  11X  UX 

¥e*,  ^,,  4M  ;  PlAiffUtm,  lU,  IM  ;  l^perrjlit^  U»L 
l>«4«r'/ffV/<  '^xrfA^rnt  M»4  i«rrm  c^/itA,  77  ;  Chjuerial,  ^  Mi,  AfSi,  998. 

^fttUmMPMi^^  *^  tniMfnU,  447- 

iMvmiMi  «»7«U?wj,  4ff ;  Fofwik  in,  422. 

DiNptitH/l  tfil^,  445, 

UiffMn'yfn  'A  (^hmAm  rnmiiKp  Uirw,  27/i». 

l>/rrtinion  Mln*^*!  cmip*nf,  4i53. 

U'trurtt,  Ufn/i  vifj*,  J>7,  JW,  M, 

l>r»ifi  |/i|''«,  72, 

Drift,  th«j,  4H;  in  th^  M»^fn//n'*>»''  *"'^  Fftbiir//zoic  region*,  49;  MateriaU  of,  47,  50:  Economic?  of.  51. 

Dritmmntul,  \t*t%  '/r«,  \^. 

iPrtiry,  *itf\>\>*'r,  24,  IWJ ;  HiU^,  2f;X 

|>iiUin,  Milt,  M, 

DiidUry,  |/h'/«»|/W«t/f,  173  ;  Irrm,  2»<. 

|>im«»ri»iilw-rrninf,  »»,  H  fJ7,  Ii^%  lii7.  IIW. 

l>tinK»riri<m,  ir*/n,  53. 

|>yM«rt,  i*h*>*iph»t«,  178;  Inm,  2^*8. 

KukI**  i»*<**»  pHi#iipbat*j,  172. 

VtMiV*  riv«r,  iron,  ft4,  146, 

Knitrtilvitr  Mountain  niin*?.  i;>3,  11«.  I'A  203,  232,  42«. 

Kii'lio  lakf,  antimony,  30  ;  Marbli-,  08,  7»{  ;  Copi>er,  88,  91.  97,  143  ;  Lead,  147. 

feooln  (Ji-ntrrtl"  dm*  Artu  «jt  Manufactures  of  Paris,  498. 

Km»ln«<l«w  Maitrw  Mineiir*,  498. 

Kot»|n  l»olyt*Hjhin«|U«  of  Parin,  499. 

K^lwarilpi inland!,  »«ilv«r,  202. 

K<iKt«war<l  iMland,  mineraU,  109. 

Klinn  i«ilvf»r  niinn,  ItM),  44ft. 

KUu'ilnyr'Ta'iXtonP.  80 ;  Phcmphat«,  176  ;  Plumbago,  181. 

KW  <«^»»»  »»*«»•»•  laft,  126. 
Kltrvlr,  ir<»id,  28  ;  Aotmolite,  62. 

fcrnlllJ!  1*^^^  »UU  or  liorth  Shore  «tlena  mine,  38,  147. 
Ks^HM*  i  VuiwU»uin»,  a  Hoiontlflo  myth,  12,  443 
K|H  U^t*,  44», 

hSkwvkML  ttH^hnii^l  high  Rchooli  in,  494. 

£!C.r?ii*!^uL  how  CormfHi,  82.  48 ;  Niagara  escarpment,  44  ;  at  Forks  of  the  Credit,  (iUustrated)  73. 

J^I*.\V^rv>^l  w^MpWa.  88  ;  Natural  gas,  161,  166. 

KVy^^'Mf^^*  ^•^^••^^^  Oft  ,Ao  ,04    878    406    433 

Kx%»*v<l  Huw^  (^*»^*  «»«  ailvfr,  W. 

Kv^n^^^V,  ^Ji  i«uv*i*»«'  w»d  difftoulty,  69.  464. 

^Vl^vUx  .  >*>'W  NMfVi    IX^ 

^V<<W  ^^^Ut  MMWf\  ^  JUV 

FV^TlTrithU  ^u^Kl^Hjt  »lvv*\«Hs  4.\  T3k  74.  79  :  OUy  for  brick.  78. 

Fo«.iU  vtU  4\V  4U  4^  i  m  Umtv*hNi^t»  at  Jau»t«  bay,  172  ;  Manne,  in  district  of  drift,  50. 
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Foxton  pbosphAte  mine.  168,  170,  ITt.  439  ;  Shippimg  facOhitt,  172. 
Tnnce^  mining  laws,  296  ;  Mining  acbooU,  -197. 
Freib^  Ror^  mining  9cho(4,  500. 

FrootenAC  marble,  80  ;  Lead  mine,  145  ;  Smehinf  worka,  146  ; 
439,  441  ;  Iron  or^,  127,  905,  23S,  4S  ;  ^cm,  14a. 


Thompkau.  1€m,  1G^  170.  ITS,  4K,  437, 


»  :  Iram,  14S  :  SOrer 


44 
46 
47 

43 


Galena.  29.     See  lead. 

Galvaj,  marble,  83  ;  Iron,  13L 

Garden  river,  60  :  Victoria  mine,  galena,  29,  67,  145,  147,  208  ;  AaUmcmj 

303  ;  Marble.  68,  76,  83,  229,  235. 
Garland,  srvpfum  mine,  122. 

Garnet,  442.  „ 

Ga*.  petrolenm  and  natural,  42,  151  ;  KingsvOle  w^   42,   151  :  Where  u>  bo»e  for  gaa,  42  ;  Foond  at 
•everal  (»inta,   151  ;    in   Pennsrl^^nia.   Ne«r  York,   Ohio  and  Tndiaita..    151  i  Gmam 
inuxd  into  Ontario,  151 ;  Foond  in  the  Trenton  formation,  122 :  Boringi  in  Ontario,  158  : 
'.'i  the  '>nEin  of  natural  gaA,  152  :  at  Conrtright,  153  ;  in  Silrer  Uet^  153. 
Ga*  oil.  13^. 

Gatling  iT'Ad  mine.  2^,  68,  107,  lia 

Ge>.>io^  of  <l^tario.  I  :  Boax»d»  of  the  territorr,  1  :  Gaps  in  the  tniem,  1  ;  Dirmoet  oi  the  roekft.  in 
'  descending  order.  2  :  Technica]  terms  explained.  3 ;  Ontario  names  f«r  sr»tes&t  and  forskataoos, 
4 :  typographical  distnbation.  5 ;  Hndson  Bar  ftlope,  5  :  Pabeoonsc  strata  c4  the  east,  5 : 
Azoic  rocks,  6  ;  Nudens  <^  the  continent,  7  :  I^nrentian  system.  8:  Loiwer  Laciestiaa  focBa- 
tion.  8  :  Upper  Laarentian  f<Minatio«L,  10 :  Minerals  found  in  Upper  Lasrenttaa  series.  11  : 
Kozocm  Canadense  a  acientific  myth,  12  ;  Origin  of  LMirentian  roclcs.  13  :  A  land  of  lakes.  14  : 
( Jotario  a  ^roap  of  islands.  15  ;  Glacial  origin  of  the  lake*,  15  :  Origin  ci  the  bonkierK.  16  ;  l>ecaj 
•  'f  rocks  ftill  going  on.  16  :  Harooian  system,  16  :  Volume  of  the  rrstexcL.  17  :  Conf<?rmitT  of  the 
La^irentian  ^ad  Uuronian  rocks.  17  :  Hnronian  areas.  18  :  Lover  and  apper  dJTiiingM,  1$  :  An 
ir^n-beariocr  seriea.  20  :  Greywacke,  20  ;  Hnronian  qnartzite.  20  ;  Felspar.  21  :  The  MetaCxfertias 
i«=-ridi^.  22 ;  Iron,  22  :  0>pper  and  nickel,  23  :  GokC  25  ;  Silver  in  Hni>i«uan  pjcks,  28  ;  Galema, 
2!«  :  Zinc,  30  :  Antim^my,  30 :  <  »ther  meials  and  minerals.  30 :  Cambrian  sy^Kem.  31 :  Anhnikie 
formation.  31  ;  Silver  bearing  rocks,  33  ;  Xipigan  formation,  dS  :  Lead  reizks.  37  :  I^ke  Xipigoa, 
3>  :  Mamainse  and  iM  boalder  conglomerates,  39  ;  PoC#dam  formation,  3S^  :  FoaiO  tracks.  40 : 
Sil  inan  3T«tem,  40  ;  Calcif<«>roas  formation.  41  :  Chazy  formation.  41 :  Black  Rirer  and  Bbds-Eyv 
iV*rn:ati*>nl  41  :  Trenton  formation,  41  ;  Utica  formation.  42  ;  Hodsoa  River  format^».  -O 
Mf^ina  formation.  43  :  Clinton  formation.  43  :  Niagara  formation.  43  ;  Gnelph  i 
(>ncmdacra  salti  formation.  45:  Helderbnrg  (lowers  formatioB,  46;  Devosiiaa 
( ^riskany  formation,  46  ;  ComifercKU  formation,  46  ;  Petr^letxm,  47  :  HamTltnn  f: 
CbemTixig  and  Portacre  formation,  47  ;  Post  Tertiary  systeat.  48  :  Drift.  48  :  *« 
Mariner  fossils,  50  ;  Clays,  sand  and  f^nve^  SO,  51  ;  Economics  of  the  Drifts  51  : 
r^tore  the  Comminion  f<jr  eastern  Ontano  region,  52 ;  Western  Ontario  region.  54 : 
n^on.  56  ;  Sridbnry  reeion.  58  ;  Saolt  Ste.  Marie  reeioa,  5d  ;  Michipicoten  Isiaad.  60 :  Lake 
.S-ipi^rior  region,  61  :  Lake-of- the- Woods  region,  &I ;  Gokl  in  the  Hnrotiiaa  rocks.  65.  6& 

George  H*enan   t^Ad  mine.  117.  118,  446. 

Georgian  oay.  mineral  bearing  rocks  of,  50.  65. 

Germanr.  mining  laws,  1S^  ;  Mining  schools,  495. 

GiUies,  Silver,  1». 

Glaciers.      See  Drift.     Glacial  <jngin  of  the  lakes.  15  ;  Endeoces  of  gladal  action.  48  :  Effects  of  ancient, 
49  :  Glacial  phenomena,  49  ;  Direction  of  the  facial  movetnent,  49  ;  Local  cacses  inflnestciBg.  5€l 

Gladstone  ar>W  mine,  2*,  110,  HI. 

Glamorgan,  iron.  53.  131,  152  :  >£arble,  83. 

G>ncoe,  '.il  at,  56  :  Salt  deposit,  160. 

Glendower   irrjTi  mine.  128,  133,  135. 

Glenny  srvpsnm  mine,  12L 

Gl->s«fcrT.'52r. 

Gneiss,  primitive,  ^i  ;  Color  and  form  of  gnei«s  rocks,  900  ;  Foliation  and  strike,  9  ;    Sapposed  aqtMOOt 
origin,  12. 

Goderich,  4ait.  45.  54,  U4.  185,  190. 

Cr'A^l  25.  110.  114,  118,  206,  217,  425,  426,  427.  460  :  Statistics  of,  72,309i,S10i,211,llS,S18,343L944, 
525  :  I»cations  on  Lake-of -the- Woods,  25,  205  ;  Partridge  lake  veins,  26  ;  Victoria  cane  locatiofi. 
2ft  :  V^rrmilion  min<e.  26  ;  Temagami,  26,  56  :  Goulais  and  Batchasrana  bays.  36  ;  jfarioc,  37  ; 
GoM  on  lake  Wahnaprtsg,  27,  112,  435  ;  Comparison  with  Treadwnll  mine.  ^  f asks,  27  :  Gold  is 
ih^  Hai*tingi  re^non,  27  ;  Richardson  mine,  2t ,  106  ;  Other  locations.  38  :  Gatling  miaa.  38^  IfK  ; 
<  /:adiit//ne  and  Feigie  mine,  28  :  Dean  and  Williams  nune,  28 ;  Gninard  mine.  Kaladar,  3S ; 
.S'idbr;ry  district,  59  :  at  Batchasrana  bay.  36,  60 ;  Saolt  Ste.  Marie  district,  60 :  Lake  Superior 
resrion.  '*>1,  114  ;  Heron  bay,  63 ;  Horoniaa  and  other  loeatioos,  35,  62.  241  :  Jaekfish  bsr^.  C9; 
115  :  S^ine  Tir*sr,  ^  :  Snltana  ialaad.  M,  118  ;  Rainy  lake,  61 ;  Associated  with  Ht 
^>> :  Vein«  along  the  Tbessakm   river,  66  :    Lenticular  gash  veins,  66 :    Amiferons 

Al'-ivial  gold.  66  :  Consolidated  mine,  73.  106, 110  ;  in  Sodbory  with  copper,  IW  

4h;p  4eer :  Gold-hill.  109:  Winnip^  Coosotidated,  109;  Cameron,  110;  Hawk-eye.  UO:  WHliaas, 
110  :  Craig,  110  ;  Kaladar,  Ul  ;  Richardson  hill.  111  :  Motra,  111  :  Mak»e.  llOl,  112 :  Sher- 
hrr>ok^.  112  :  May,  112  :  Graham,  105,  112  ;  Waters.  112  :  Snider,  112  :  Xeelon,  114  :  Flat  PknC 
114  :  Jackfish  lake,  115  ;  Poplar  river,  115  ;  Kewaydin,  116  ;  Gold  ehiedy  in  soIphnreCs,  W ; 
An  ^ctensivor  gr>Id  belt,  115  ;  Treatment  of  the  ore,  116  ;  Pine  Portage.  116  :  Ada  G.,  116  :  Gosa- 
bination.  116 :  George  Heenan,  U7;  Woodcfanck,  US  :  Boalder  island,  118  ;  Manitoba  GoBsofidatotf 
I'jcation,  118;  in  the  disputed  territory,  447;  Facts  regarding  the  varioos  occorrences  of  gokl, 
450.     Test  for  gold.  453. 

G-/id-hill  mine,  W,  100,  116. 

Gft]d  lake  vein,  117. 
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Gonlais  Bay,  minerals,  26.  60,  68,  99  ;  Sandatone,  40. 
Goulais  river,  lead,  60,  203. 


Grahain.  copper  and  gold,  24,  105  ;  Copper  and  galena,  106,  425 ;  Grold,  112 ;  Iron,  142. 

Grand  Rapid  clay  ironstone,  47. 

Grand  River  gypsum,  46,  119  ;  Plaster  works,  121  ;  Cement,  55  ;  Limestone,  55. 

Grange  island,  stone,  79,  2S5. 

Granite,  61,  62,  74,  79,  215,  ?17,  228,  236. 

Granite  island,  lead,  38. 

Grindstones,  43. 

Graphite,  31,  35,  243,  442,  525. 

Gravel  exports,  245. 

Gray  &  Scott's  salt  well,  184. 

Great  Britain  and  Ireland,  mining  laws  of,  285. 

Grey  band,  43. 

Greywack^  20. 

Grindstones,  243. 

<4ro8  Cap,  copper,  67,  68  ;  Iron,  23. 

Guelph  formation,  4,  44  ;  Building  stones,  45. 

Guinard  gold  mine,  Kaladar,  28. 

Gunflintlake,  239  ;  Iron,  61,  126,  144,  207. 

Gypsum,  119  ;  on  Moose  River,  46,  69  ;  along  the  Grand  river,  119  ;  Uses  of,  119  ;  Production  in  th«:* 
United  States,  119  ;  Theories  of  the  origin  of,  119  ;  Origin  of  the  dome  form,  119  ;  Alabastine  Co., 
121  ;  Paris  gypsum,  121  ;  Economic  handling  of,  121  ;  Grand  River  plaster  works,  121  ;  Other 
gypsum  locations,  122 ;  Markets  and  prices,  122 ;  Mining  in  Oneida  township,  122  ;  Rates  of 
wages  of  workmen,  122  ;  Statistics  of,  72,  209,  210,  211,  243,  244,  526. 

Hand's  gold  location,  64. 

Hayley's  phosphate  location,  53. 

Haliburton  district,  iron,  52,  130, 132,  234,  237,  238,  388,  396  ;  Lead,  238  ;  Molybdenum,  23S  :  Copper.  23.s : 

Blast  furnace,  326,  334,  388  ;  Marble,  83  ;  Phosphate,  173,  238. 
Hamilton  formation,  47,  422. 
Hamilton  city,  clay  at,  78. 
Hamilton  &  Toronto  Sewer  Pipe  company,  86. 
Harbor  copper  location,  61. 
Harcourt,  iron,  238. 
Hastings  gold  region,  25,  27,  65,  68,  106.  427  ;    Lead,   30  ;    Actinolite,  79  ;    Iron,  127,  132,  133,  205,  402  : 

Mica,  149  ;  Charcoal  blast  furnace,  323. 
Hawk-eye  gold  mine,  110. 
Haycock  iron  mine,  68. 
Hay  island,  gold,  25, 118. 
Hecla  mine,  36,  61,  66,  67.  197,  455. 
Heenan  mine.    See  (xeorge  Heenaa. 
Helderburg  (lower)  formation,  46. 
Hematite.   See  iron. 
Henderson  steel  converter,  488. 
Heron  bay,  gold,  29,  62,  115,  116. 
Highland  gold  mine,  25,  62. 
HiUier,  natural  gas,  152. 

Hinchinbrooke,  iron,  135, 167,  168  ;  Phosphate  of  lime,  167, 172, 176. 
Hornblende,  442. 
Houghton  furnace,  325. 
Howland  iron  mine,  131,  134,  334,  388. 
Hudson  bay  slope,  5,  69. 
Hudson  River  formation,  43. 
Hull  iron  furnace,  396. 
Humber  river  fire  clay,  54. 

Hungeriord,  actinolite,  52  ;  Marble,  80  ;  Mica,  149. 
Hungerford  Marble  company,  75,  80,  133,  235. 
Hunter's  island,  iron  range,  61,  124,  126,  144,  206,  233. 
Huntilite,  33. 

Huron  lake.    See  Lake  Huron. 
Huronian  gold  mine,  25,  28,  62,  66,  106,  115,  241. 
Huronian  system,  6, 7,  16,  65,  109  ;  Mixed  with  Laurentian,  7  ;   Volume  of  the  system,  17  ;  Disturbances, 

17 ;    Huronian  areas,   14,   18,   29  ;  Local  variations,  18  ;    Lower  and   upper  divisions,   19  ;    an 

iron-bearing  series,   20  ;    Huronian  quartzites,  20  ;  Igneous  character  of   the  system,   21  ;  The 

metalliferous  series,  22  ;  Iron,  22  ;    Copoer  and  nickel,  23  ;  Gold,  25,  27,  62,  65,  451  :  Silver,  28  ; 

Galena,  29  ;  Zinc,  30  ;  Antimony,  30  ;    Other  metals  found  in  the  system,  30,  45T      Useful  rocks 

and  non-metaric  minerals,  31. 
Husgafvel  blast  furnace,  486. 

Illinois  university  of  mining  engineering,  511. 

Illustrations,  list  of,  vi. 

Idocrase,  442. 

Imperial  iron  location,  131,  334,  388. 

International  salt  well,  Groderich,  184. 

Iron  and  iron  ore,  10  ;  Origin  of,  13  ;  Occurrence  of  ores,  22,  68,  205,  427,  465  ;  at  Little  Pic  river,  37  ; 
"Iron  ore  bed,"  43;  in  eastern  Ontario,  52;  in  lake  Temagami  region,  56  ;  in  lake  Superior 
region,  61  ;  in  Lake-of -the- Woods  region,  64  ;  on  the  Hudson  bay  slope,  69  ;  Notes  on  mines,  123; 


657 


Miiioe«otA  Vennilioii  tmb^%  123  ;  PanJlel  nogtes  of  ore,  124 :  Tower  mioca,  121,  125  ;  Prices  of 
ore.  1^  :  North  Lee  mine,  125  ;  Ely  mine,  125 ;  Exploring  Banter's  islvid  for,  125,  144,  206, 
232  :  Knife  I^ke  location,  126  ;  Chandler  mine  at  Ely,  126  ;  Ore  specimens  from  the  Ontario 
frooner,  126  ;  Sketdi  of  section  of  ouunuj  in  Ontario  near  the  boandarr,  126  ;  Oonflint  and  North 
lakes  district,  126  ;  3tlines  and  locations  in  eastern  Ontario,  127:  Buurton  iron  mine,  127|  ISO  ; 
Wallbnd«<?  mine,  127, 133 ;  Coe-hiD  mine,  127 ;  Formation  on  the  Kingston  and  Pembroke  raihray, 
127  :  Glendowter  mine,  128, 133  ;  GaUboeie  mine,  12S,  233  ;  Calabogie  mine  No.  4, 128  ;  Coe  loca- 
tion. 1^  :  Wilbor  mine,  129,  135,  136  ;  Bell's  hematite  locations,  1»  ;  Amprior  mine,  129  ;  Tam- 
worth  haematite,  130i,  133 ;  Haliborton  district,  130  (see);  Extent  of  the  iron  are*  of  the 
provinor.  130  :  Snowdon  location,  130, 132  ;  Analyses  of  ores,  130,  131, 134  ;  Toronto  Iron  com- 
pany. 131  :  Howland  mine,  131  ;  Imperial  location,  131 ;  Pine  lake  locatiaa,  132  ;  National 
iocsci>:-n.  132  :  New  York  location,  132 ;  Mining  properties  discorered,  132  ;  Vanoos  locations  in 
Ha^tinfs  county,  133  ;  Station  locaktion,  133  :  Sexsmith  mine,  133  ;  Zanesville  company,  133 ; 
Bedf C'pI  auning  company,  134 ;  Black  lake  location,  134  ;  Elingston  and  Pembroke  RaUway 
eompacv'9  operations,  135  :  Capacity  <^  the  Glendower  mine,  1^  ;  Machar  mine,  135  ;  Wilson 
location^  136  ;  Williams  location,  136  ;  Cost  of  mining,  136  ;  Varioos  locations  in  Bagot,  136  ; 
Oth«r  locations  opened,  136 :  Magnetic  ore  in  Batharst,  137 ;  Fuomier  mine,  in  NorUi  Ooiby, 
1:^7  :  Brjh'i  Uke  location,  137  :  I>eposits  in  Levant,  I>arliiig,  Sherbrooke  and  Batharst,  137' : 
PUyfair  ^line,  137,  138,  139  ;  a  hematite  belt,  138  ;  a  rery  disturbed  locality,  138  ;  Iron 
prnirrs  in  I>alhonsie,  138 ;  Strike  and  dip  of  the  Laorentian  rocks,  138  ;  Iron  pyrites  m  Dal- 
noasi«  139  :  on  Adam's  lake,  140 :  Hematite  in  Leeds,  140  ;  Specnlar  ore  in  Darling,  140  : 
Iron  pyrit^es  in  Darling,  141  :  3Iagnetic  ore,  141  ;  in  Levant,  141  ;  Bo^  iron  ore,  137,  141,  142  ; 
McNa'o  mine.  141  :  Red  hematite  ore  in  I>arling,  142 ;  Inm  deposits  m  Lake  Nipissnu'  1-^  ; 
Ore  d<e]»*::s  in  the  Temiscaming  region.  142 ;  Iron  prrites  in  Graham  township,  142 ;  Wallace 
mine  Ixr&ron,  142,  143 ;  Desert  Uke  location,  143  ;  Ladoche  monntain  oonntry,  59,  106,  143 ; 
Iron  J.T-  I'^rties  near  Echo  Uke,  143  :  on  the  Garden  River  reserve,  143 ;  Deposits  on  I^^on 
and  KzT/r  Uk«»i,  144  ;  Sorveys  *A  iron  I'jCAtions  west  of  Port  Arthur,  144  ;  Magnet '«  and 
ben:^t:t^  on»  in  Uke  Superior  district,  144;  a  Urge  area  of  hematite  ore,  144;  Attic-okan 
dei^.^iz,  144  ;  Minn<>soca  iron  range  in  Ontario,  145,  206,  206,  208  ;  Deposits  on  Pic  river. 
145  :  n  Thie^  Mattawa  and  Kaministiqma  rivers,  145;  in  Moss  township,  145  ;  on  Eacrie  river. 
145  :  :o  Hinchinbrooke,  167  ;  Ertensive  iron  deposits,  208  ;  Statistics  of,  72.  209.  210,  211^  212. 
213.  243.  244.  2^.  46?,  h'25  :  Prod:iction  of  iron  ore  and  pig  iron,  2ia  214,  215  ;  The  iron 
tnd  lAtrv.  215  :  Charcosi  iron.  215,  468  :  Coke  iron,  216,  218  ;  Annual  consumption  of  iron  in 
Csnada.  216  :  The  world's  production  of  pig  iron,  223,  470 ;  of  iron  and  ste^  224  ;  United 
StAUr*  >rodr3ction  of  iron  and  steel  in  1876  and  1888,  221,  468  ;  Poiwible  expansion  oi  the  iron 
tnda*trT  :n  Canada,  225  :  Export  of  iron  ore  from  Canada,  225  ;  Convenience  of  Ontario  ores 
to  the  American  markets.  225  ;  Iron  ore  «hipcnents  from  Lake  Superior  mines,  226  ;  SugnestiTe 
compar.«',iu,  226:  Churxml  iron  produced  in  Michigan,  227  ;  Effect  of  the  duty,  231,  232  ;  Smelting 
pUnt.  232  :  R^.p>rocity  desirable  for  the  Iron  industry,  233 ;  (^alitr  of  eastern  Ontario  and  lake 
Sap^rr.  .r  ore«  compared.  233  :  Cost  of  iron  ore  production,  234  ;  Tables  of  imports  of  HiamxfiMrtnre 
trooL  IT  /a  xnd  steel.  246-254  :  Orij^  of  the  iron  industry  in  Ontario,  255  :  Smelting  of  ores,  31^ 
36!if  :  '^*-^:tie»  of  the  metal,  4^  :  Exp^orin^  for  ore,  464 :  Ores  most  in  demand,  467 ;  Prices  of 
iron.  471  :  Magnetic  irr^n  ores,  471 :  t^^saiides  of  ores  and  metals,  473 ;  Foundry  iron  from  magnetic 
ores.  473  :  Eariy  use  of  the  magnetic  sepMittor,  -^1  :  Evidence  re  smelting,  388-406u 

Iron  pnint.  4'j&. 

Ironstone  cUy.  47.  • 

Isle  Parisirac^.  -.^nd-ti^ne,  40. 

Isle  Royal'^.  :i^.  3f*. 

Italy,  minin^^  lav*  of.  2iK. 

Jack&fth  bsy.  z  'A.  26.  6i  U5  -.  Iron.  23,  145  :  SUver,  445  :  Granite,  61. 

Jackfish  Uk^.  ^'  '.^  :>:«cations.  25, 62.  114. 

James  hay.  rr.:n^rAl  bearing  roclu,  5  ;  Limestones,  47  :  FossiU  in  limestone  at,  44. 

JarviiijUnd.  *...-^r.  155,  196,  198. 

Jasper.  22. 

Judze  Mill*,  z  '.  I  location.  117. 

Kakabeica  f^l.o.  .r.o.  123^ 

Kaladar.  gold.  >.  111.  112. 

Kamxnisti^iiiA.  -  .neral  deposits,  68 :  Iron,  22,  61.  145. 

Kaolin.  69.  7'1.  ■»;. 

Keevatin.  or  Kr*rwait:n  series,  19,  67.   See  Lake-of-the-Wood«. 

Kewesnawar.  r  <:jCji.  CAtive  copper  bearing,  36,  67. 

Keewavdin  /  A.  116.  11%  ;  Arsenic,  117. 

KeppeC  ceni'T-':.  ,  $ . 

Kiu^ney.  «i:.'  r.  ^}  :  Imm,  123  :  Sfarbie,  205. 

Kincardine.  *a:t.  45.  '/*.  183,  184,  189. 

Kings's  coiI*<re.  Nova  Serbia,  51 L 

Kingit«^«,  l;rr.*-«:/>ne,  41  :  smtuU:  quarry,  74,  83. 

King9t/«  k  l*-mr^*kfi  Mining  company,  135,  39L 

Kin«ft/>n  and  P-mbrr^ke  railway  district,  iron,  52,  68,  123, 127.  128,  129, 132,  134.  1»,  233,  3M,  382.  427  : 

Emv.tc^'^  Uif  smelting  ore  in  the  district,  336,  390,  400  :  Phosphate  of  lime,  53,  167.  170, 177.  400, 

402  :  '\rfsnite  quarry,  74, 83. 
Kiwnrrill^  ara-.  w^U,  42,  151,  132. 
Kino/von:  f-;mjbce,  331. 
Knife  Uke  .r*  n  >jcation,  126. 
Korah,  goid  arvi  cr>f^>er,  60. 
Kresui's  cof>per  locatiofi,  24,  89,  106t,  434.  _^ 
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Labradorite  rocks,  14. 

Laboratories,  mining,  417. 

Lac>de8-MiIlee-]ac8,  gold,  26.  66. 

Ladoche  mountains,  mineral  occurrences  in,  26,  59,  60,  109,  143. 

Lady  Evelyn  lake,  copper,  24  ;  Argentiferous  galena,  29. 

Lady  Macdonald  copper  mine,  104. 

Layfayette  college  mining  school,  510» 

Lake  township,  gold,  28. 

Lake  Huron,  minerals,  6,  26,  92, 114, 115, 123,  205. 

Lake-of -the- Woods,  geological  investigation,  17  ;  Huronian  area,  18, 19  ;  Gold  locations,  26,  64,  65,  66, 106, 
106.  109,  114, 115, 116,  118,  119;  206,  207,  446  ;  Mica,  64  ;  Mineral  paint,  64. 

Lake  Superior  region,  minerals  and  building  stones,  61, 2G5,  316  ;  Discovei^  of  gold,  26, 114,  115  ;  System 
of  veins,  62 ;  An  old  explorer's  opimon,  62  ;  Rich  ores,  62,  105  ;  Discovery  of  silver,  S3  ;  (jopper 
mining,  92  ;  Exploring  the  north  shore,  93  ;  Early  discovery  of  silver,  194  ;  Magnetic  and 
hematite  ores,  144,  233. 

Lake  Superior  native  copper  company,  102,  103. 

Lambton  formation,  4. 

Lanark,  lead,  10,  30,  145  ;  Iron  ores,  129,  140,  205,  233,  392  ;  Estimate  for  furnace,  333  ;  Plumbago,  181  ; 
Phosphates,  436,  437,  440 ;  Mica,  440. 

Lancey  oil  well,  161. 

Land  plaster,  122.    See  Gypsum. 

Lansdowne  iron  furnace,  319. 

Laurentian  system,  6,  7,  8  ;  Lower  Laurentian  formation,  8  ;  Colors  of  Laurentian  gneisses,  9  ;  Dykes  and 
veins  in  the  system,  10  ;  Upper  formation,  10  ;  Mineral  bearing  character  of  the  upper  series,  11  ; 
Boundary  of  the  upper  Laurentian  series,  12  ;  Origin  of  limestones  and  iron  ores,  13,  443  ;  Ori^n 
and  mode  of  formation  of  rocks,  13  ;  Supposed  igneous  origin  of,  13  ;  Extent  of  Upper  Laurentian 
series,  14  ;  A  land  of  lakes,  14  ;  Decay  of  rocks  still  going  on,  16  ;  Strike  and  dip  of  rocks,  138  ; 
Occurrence  of  apatite  ir,  437. 

Laws.  See  Mining  Laws. 

Lead,  10,  29,  118,  145,  442  ;  Mine  on  Garden  river,  29,  67,  147,  205,  425  ;  Cascade  mine,  29, 147;  in  Sudbury 
district,  29  ;  Other  veins,  30  ;  in  Nipigon  rocks,  36  ;  in  Dorion,  37,  38  ;  Malhiot  mine,  38  ;  Veins 
at  Black  bay,  38,  63,  147  ;  in  Temagami  region,  58,  147  ;  in  Lake  Superior  region,  61,  62  :  at 
Straight  lake,  106 ;  on  *'  Timber  berth,  110,  110 ;  Notes  on  mines,  locations,  etc.,  145 ;  Argentifer- 
ous galena,  145  ;  Ramsay  mine,  145,  146  ;  Frontenac  location  and  smelting  works,  146  ;  Victoria 
mine  at  Yxiho  lake,  147  ;  Enterprise  mine,  147  :  Occurring  with  silver,  198,  200,  203  ;  on  Goulais 
river,  203  ;  Statistics  of,  211,  213,  243,  526 ;  United  States  market  for  lead  ore,  231 ;  Duty 
on,  232  ;  in  Haliburton,  238  ;  Smelting,  396  ;  Qualities  of  the  metal,  460. 

Lead  hills,  38.    See  Enterprise  mine. 

Leeds,  lead,  10  ;  Iron  ores,  205  ;  Iron  furnace,  319  ;  Phosphate,  436,  437. 

Lehigh  School  of  Technology,  510. 

Lennox,  gold  in,  112. 

Levack,  copper,  434. 

Levant  Iron  company,  135, 137,  140,  141,    See  Wilbur  mine. 

Lignite,  57,  64,  69,  70. 

Lime.  55  ;  Statistics  of,  213,  243,  525. 

Limencuse,  cement,  77  ;  Fireproof  paint,  79. 

Limerick,  lead,  30. 

Limestone,  origin  of,  13  ;  Occurrence  of,  41,  44,  46,  47,  55,  69,  84  ;  For  iron  flux,  243,  525. 

Lithograph  stone,  41,  45,  205. 

Little  Current,  sandstone,  74  ;  Limestone,  84. 

Little  Long  lake,  iron,  23. 

LittJe  Pic  river,  iron  ore,  36 ;  Copper,  63';  Silver,  202. 

Little  Pig  mine,  199. 

London,  natural  gas,  152. 

Loon  lake,  iron,  144. 

Lome,  gold,  59  ;  SUver,  203. 

Lorraine,  shales,  43. 

Loughborough   township,  phosphate  of   lime,  53,  168,  170,  171,  176,  178,  439,  441 ;  Mica,  148,  149,  170 ; 
Lead,  145. 

Lubricating  oils.    See  Petroleum. 

McConneU,  lode,  24,  105,  433. 
McDonald's  oil  refinery  and  wells,  164. 
McEwan's  salt  well,  185, 190. 
McGregor,  granite,  61. 

McGill  University,  school  of  Applied  Science,  510. 
Mclntyre,  silver,  33. 
McKellar,  iron  location,  123. 
McKellar^s  island,  silver,  33,  62,  195. 
McKim,  copper,  24,  89,  433. 
McMicken's  gold  location,  64. 
McNab.  iron,  138,  141. 
Macbetn,  copper,  60. 
Machar  mine,  136. 

Machinery,  218,  232,  235,  239.    See  Commercial  Conditions. 
Madawaska  river  district,  for  charcoal,  390,  391. 

Madoc,  gold,  27,  28,  66,  66,  106,  111,  115:  Lithographic  stone,  41,  53 ;  Marble  quarries,  75,  80,  81,  235; 
Slate  79,  87 :  Iron  123, 127,  183^;  Charcoal  bliut  furnace,  323,  331,  389. 
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Magnetic  ore.    See  Iron. 

Magnetic  neparator,  early  me  of,  491.    See  Smelting. 

Magnetite.    See  Iron. 

Miuleable  iron  works,  329. 

Malone,  ^Id,  110,  112. 

3kIaloney  iron  mine,  133. 

3kIalhiot  lead  vein,  38. 

Mamainse,  copper  and  silver,  36,  39,  67,  92,  98,  102,  197. 

Man^raneae.  statistics  of,  209,  243,  244.  525 ;  propertieB  of,  461. 

Manitoba  Consolidated  gold  location,  118. 

Manitoulin  island,  limestone,  84  ;  Petroleum,  156,  167. 

Marble,  31.  62.  68,  69.  75,  76,  83,  84 ;  Companaon  of  marbles,  80 :  Black,  W:  Se«i«eCM.  SI  S:  3e  »kb^ 
burton  and  Ottawa,  b3  ;  American  competition,  82;  Statutka  of,  SOfiC  21«.  tH,  2IX  fi:r.  2Sv  SSk 
235,  236,  243. 

Marine  City,  salt,  187. 

Marmora,  lithographic  stone,  41,  53  ;  Gold,  28,  65,  66,  106, 110 ;  Iron,  ISS :  Bla^t  fr^naoHw  3C  JESL  JK: 

Mason  Science  College,  Birmingham,  512. 

MaMachusetts  Institute  of  Technology,  417,  503,  510 ;  Worcester  Free  Sdiooi  M& 

Matabechawan  river,  slate,  56. 

Matheson  phosphate  deposit,  174. 

Blattagami  river,  clay  ironstone,  47 ;  Lignite,  70. 

Mattawa  river,  iron,  61,  145. 

May,  gold  location,  112,  114. 

Medina  formation,  43,  73. 

Mercury,  4*7. 

Merritt  gypsum  mine,  45,  121,  122. 

Mica,  148,  205  ;  in  the  Perth  dUtrict,  53,  148 ;  in  Frontenac,  148,  150:  in  Lake-<!if-ibe^Wofi^  ^bfCn.-t.  •«< 
148;  Smith  &  Lacey  mine,  148;  Perth  mine,  148;  Hun^rfocd  depcctta.  14^:  Ksew^x^t^  ^i  i^ 
Loughborough  mine,  149 ;  Markets  for,  149, 150 ;  White  mica  in  norcbem  Addi^fteMfi^  I4(|k;"3lx'«t» 
Miller  and  Bedford  townships,  150;  Buri^ess  mine,  150;  Markets  and  isms  of  wiaa.  IW:  VldCi^ 
mica  on  Petewawa  river,  151 ;  Micaceous  iron,  151 ;  Mica  in  Perth  distrkt  with  i>iif<tfcii>i  «•«  >2iMi, 
174  ;  Sutietics  of,  72,  208,  210,  211,  243,  525 ;  for  lubricating  porposeA,  «7. 

Michigan,  mining  laws,  281 ;  School  of  Mines  at  Houston,  426,  507 ;  Univerrltr  of.  5IL 

Michipicoten  island,  geological  description,  39 ;  Gold,  25 ;  Copoer  locations  on,  kk,  SSI,  A  C  ^.  *s.  >»  ; 
Depth  of  shafts,  61 ;  Plan  of  Quebec  mine,  102 ;  Nickel  on,  44S. 

Michipicoten  Native  Copper  company,  60. 

Miller,  mica,  150. 

Milton,  stone  and  pressed  brick,  73,  85  ;  Section  of  clay  formation  at,  7ik 

Mineral  development,  aiding  and  encouraging  of,  407. 

31inerals,  how  determined,  447. 

Mineral  oils.    See  Petroleum. 

Mineral  waters,  525. 

Minerva  gold  location,  64. 

Mining  laws  and  regulations,  255 ;  Licenses  to  explore  the  mineral  re^on,  355 ;  Sale  of  nuBMml  d^oiv  :9Mw 
258  ;  Opinions  of  witnesses,  256 ;  Extent  and  number  of  mining  locations,  S57  :  a  vaiw^  t-^  <«wb 
ions  on,  ^7  ;  Survey  of  locations,  258,  304,  308,  312,  313;  Protection  for  prospectot«,  Sis.  9K^  WC 
312,  316  ;  Right  of  staking  out  cUims,  259  ;  Licensing  system,  259,  315,  316 :  Roti^U*^  S4L  911 
312,  314  ;  SpecuUtion  in  mining  lands,  260,  306, 309,  311,  312,  313 :  Exploration  of*  ftttvatiMi  ^ 
261;  Taxation  of    mining  lands,   261,   311,  315;    Mining  division  system.  S63:    U   ^ 


boundaries  of  mining  i>roperties,  262,  906 ;  Summary  of  mining  laws  in  Ontario  and  elj»wii«m^ 
lo,  263 ;  Quebec,  269 ;  Nova  Scotia,  271 ;  British  Ccdumbia,  273 :  Dondnkwi  <:tf  C^aaik. 


263;  Ontario 

275 ;  United  SUtes,  277  ;  Colorado,  280 ;  Dakota,  280;  Michigan,  381 :  Montvuk  JS:  Ne^i^T 
282;  New  York,  282;  Oregon,  283  ;  South  Carolina,  283 ;  Utah,  383 :  WiscoMB,363:  Wtwi^ 
284  ;  (ireat  Britain  and  Ireland,  285 ;  New  Zealand,  286  ;  New  South  WaW  389 :  VkteiaTSl ; 
South  Australia,  294  ;  France,  296 ;  Germany,  296  ;  Austria- Hungary,  297 :  Italy,  397  :  Belvnun^ 
298;  Portugal,  298;  Spain,  299;  Sweden,  299;  Norway.  300;  Suggnted  changes  in  tlie  m>*^ 
law,  301 ;  Tenure  of  the  land,  301,  314 ;  Claims  of  the  ex^orer  to  consideration,  301 :  LocaS 
agencies  302,  308  ;  Kxtent  and  number  of  locations  held  as  individual  claims,  308,  31S,  316 :  Mini< 
mum  a;^a  of  a  Irjcation,  304 ;  Small  locations,  304,  308,  309,  310,  313,  315 ;  Workin^r  cooditaoMK 
305:  The  New  Zealand  and  South  Australia  remedy,  305;  Reservations  and  Royalties,  305; 
Leasing  nystem,  306,  314  ;  Health  and  safety  of  miners,  262,  306 ;  Annual  returns  to  the  Govem- 
ment,  306 ;  Forest  fires  in  mineral  districts,  262,  307,  311,  316 ;  Mining  division  system,  3Q7  ; 
Explorers,  317  ;  Evidence  of  witnesses  concerning  mining  laws  and  regulations,  307,  318. 

Mining  schools,  509.    See  Technical  Instruction. 

MinnesoU  iron  range,  22,  64,  123,  145,  205,  206,  207,  208,  241. 

Mispickel  ore,  how  treated,  110. 

Missinaibi  river^  gypum,  45  ;  Kaolin,  white  sand,  gypsum  and  lignite,  70. 

Missisangs  mining  locations,  143. 

Mississippi  river,  iron,  390,  391. 

Mississippi  iron  company,  135. 

Missouri  University  Sch<^Kil  of  Mines,  511. 

Mistaasini  lake,  copper,  24. 

Mitchell,  salt  borings,  54,  185. 

Moira,  gold,  111. 

Molybdenite,  61,  62,  442. 

Molybdenum,  30,  238. 

Moncrief,  copper  and  galena,  106. 

Monmouth,  phosphate,  173. 
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Montana  mining  laws,  282. 

Montague,  iron,  142. 

Montreal  Mining  company,  34,  98,  96,  96,  97,  194,  195,  197. 

Montreal  river,  18,  20,  23,  24,  29,  56,  142. 

Moore  bay,  gold  vein,  117. 

Moose  river,  gypsum  bedb,  45. 

Moose  valley,  206. 

Moss  township,  iron  in,  22,  145 ;  Gold,  25, 62, 106. 

Moulding  sand,  243. 

Mountain,  iron  mine,  133. 

Murray  copper  mine,  24,  433. 

Museum,  a  Provincial,  411,  424,  427,  522 ;  Local  museums,  412,  423. 

Napanee,  cement,  77,  84 ;  Clay  for  terra  cotta,  brick  and  tiles,  77,  85. 

Naphtha.    See  Petroleum. 

National  iron  location,  132. 

Natural  paint,  462. 

Neebing,  silver,  33. 

Neebish  mine,  62. 

Neelon,  gold,  114. 

Nevada  mining  laws,  282. 

New  Caledonia  nickel  mines,  373. 

Now  South  Wales  mining  laws,  289. 

New  York  iron  location,  132,  334,  388. 

New  York  mining  laws,  282. 

New  Zealand  mining  laws,  286,  305  ;  Schools  of  Mines,  513-521. 

Niagara  formation,  43 ;  Escarpment,  44  ;  Falls  of,  44. 

Nickel,  30,  59,  68,  205,  405,  448 ;  Copper  and  nickel,  23,  24,  88,  103,  104,  105,  138,  198,  227,  433 ;  Smelting, 

370,  391 ;  Composition  of  the  ore,  444  ;  Nickel  ore  as  the  gangue  of  native  copper  and  silver,  444  ; 

Statistics  of,  72 ;  Qualities  of  the  metal,  457. 
Nipigon  bay,  36  ;  Red  sandstone  of,  62,  74,  205,  233  ;  Silver  bearing  rocks  of,  60 ;  Gold  in  vicinity  of,  115. 
Nipigon  formation,  36  ;  Geographical  distribution,  37. 
Nipigon  lake,  38  ;  Iron,  22,  68. 
Nipissing  district,  iron,  142,  205 ;  Silver,  204. 
Norfolk,  blast  furnace,  319. 

Normal  School  of  Science  and  Royal  School  of  Mines,  492. 
Normandale  blast  furnace,  319. 
North  lake,  iron  ore  at,  126. 
North  American  Chemical  company,  salt,  190. 
North  Lee  iron  mine,  125. 
North  Shore  lead  mine,  38. 
Norway,  mining  laws  of,  300, 
Nova  Scotia,  mining  laws  of,  271. 

Ochre,  243. 

O'Connor,  silver,  198. 

Ogama  lead  vein,  38. 

Offilvie  &  Hutchinson's  salt  works,  190. 

Ohio,  University  of,  511. 

Oil.    See  Petroleum. 

Oil  Springs,  petroleum,  163,  166,  158,  159,  160,  162,  165. 

Oka  river,  iron,  23. 

Olden,  iron,  135. 

Oliver's  Ferry,  plumbago,  181. 

Oneida,  gypsum,  122. 

Onondaga  formation,  46 ;  G3rx)sum,  119. 

Ontario  Mineral  Lands  company,  35. 

Ontario  mining  company,  118. 

Ontario  mining  laws  and  regulations,  263. 

Opal,  442. 

Opazatika  lake,  iron,  23. 

Ophir  Jack  mine,  109. 

Opinicon  lake,  phosphate,  170,  172. 

Ordivician  or  Lower  Silurian  series,  40. 

Oregon  mining  laws,  283. 

Oriskany  formaton,  46. 

Orthoclase,  442.  i 

Oso,  barytes,  53  :  Iron,  135  ;  Phosphate,  172,  489. 

Otago  School  of  Mines,  New  Zealand,  514 

Ottawa  district,  phosphate,  174, 177. 

Ottawa,  Canadian  Granite  company's  works,  74,  83. 

Otty  lake,  phosphate,  167, 168,  174,  175,  176,  440. 

Owen's  College,  Manchester.  512. 

Packenham,  iron,  138,  140. 
Paint,  mineral,  64,  79,  243,  462,  525. 
Palmerston,  iron,  125,  136,  140 ;  Marble,  80. 
Panache  lake,  copper,  24. 
PAD<»ke  river,  iron,  23. 
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Paraffine.    See  Petrol  enm. 

Paris,  gypsum,  45,  119,  121. 

Parkhill,  salt,  55,  18G. 

Parry  &  Mills  iron  furnace,  326.  331,  394,  395. 

Partridpre  lake,  gold  mines,  26,  62. 

PattiUlo  quarries,  74,  79. 

Pax  ton  iron  mine,  132. 

Peat,  69,  70. 

Peel,  clay  for  terra  cotta  in,  78. 

Peerless  mine,  199. 

Pelican  lake,  phosphate,  180. 

Pennsylvania,  University  of,  512. 

Perth  district,  j)ho'»phate  of  lime  in,  53,  167,  174,  177,  178  ;  Mica,  53,  148.  150 ;  Iron,  123. 

Peterborough,  iron  ore,  127,  132,  205. 

Petroleum,  geologically  considered,  17,  69,  210,  Oil  borings  near  Glencoe,  55  ;  Borings  at  Petrolia,  55 (fee 
Petrolia);  with  natural  gas,  42,  152 ;  Logs  of  Petrolia  borings^  153;  in  EnniekiUen,  153  ;  Producing 
and  storing  i)etroleum,  164, 157, 165  ;  Drilling,  154, 161, 167 ;  Working  the  pumps,  154, 156;  Compoti, 
tion  of  the  petroleum,  154 ;  Distilling  and  refining  the  petroleum,  154  ;  Patent  refining  process, 
155, 162  ;  Other  products  of  petroleum.  155, 158, 163, 165;  Oil  Springs  district  (see  Oil  Springs),  156  ; 
County  of  Essex  (<  'omber)  156,  158  ;  Manitoulin  island,  156,  167  ;  Ofd  and  new  processes  compared, 
156,  157,  163  ;  Casing  the  well,  156  ;  Extent  of  the  oil  territory,  157  ;  Oil  beswing  formation,  157  ; 
Output  of  the  territory,  157  ;  liefineries,  157,  160, 162  :  Paraffine,  157,  232  ;  Tar.  157 ;  Naphtha,  157  ; 
Market  for  products,  158,  162,  164 :  Workers  and  wages,  158,  162,  164,  165  ;  First  development  of, 

158  ;    Flowing  welln,   159 ;    Cost  of  sinking  wells  greatly  clieai>en&d,   159 ;    Abandoned    wells, 

159  ;  Jerker  pumps,  154j  159 ;  Groups  of  wells,  159  ;  Petroleum  bearing  rock,  159 ;  Export  trad*-, 
160;  Bothwell  oil  dintnct,  160;  High  prices  of  crude,  160;  Oil  lamps,  160;  Petrolia  drillers  in 
demand  over  the  world,  160,  167  ;  Improvements  in  oil  refining,  161 ;  Oil  exchange,  161 ;  Tra(^e 
combinations,  161 ;  Competing  with  the  fipreat  United  States  combine,  161 ;  Sulphuric  acid.  161  ; 
Lubricating  oils,  161,  163;  Lancey  well,  161;  Capacity  of  the  refinery,  162;  Ontario  and 
P«'nnsylvania  petroleums  compared,  162  ;  Flash  test  of,  163  ;  Specific  gravity  of,  164 ;  Tempera- 
ture of  petn>leum  In  the  process  of  distillation,  164  ;  Producer's  Oil  Refining  company,  164 ; 
McDonald's  refinery  and  wells,  164 ;  Kennedy  treatment,  165 ;  Early  experiences  at  Petrolia, 
165  ;  Under^ound  tanking,  165  ;  Average  production  of  wells,  166  ;  Why  Canada  cannot  compete 
with  the  United  States  in  the  English  market,  166  ;  Petrolia  Tanking  Co's  refinery,  166 ;  Tanking 
statistics,  166;  Well  drilling  with  cable  and  poles,  166  ;  Oil  in  Manitoulin  island,  167 ;  Petroleum 
tar  for  fuel,  191 ;  Statistics  of,  72,  209,  210,  211,  243,  244,  525  ;  Competition  with  the  United  States 
210,  211. 

Petewawa  river,  mica,  151. 

Petrolia,  salt.  55,  186  ;  Oil,  55,  153,  154,  155,  156,  159  160,  161,  162,  166. 

Petrolia  Tanking  company,  166. 

Phlogopite,  442. 

Phosphate  of  lime,  13,  150,  167,  205,  346 ;  in  Loughborough,  53,  149,  168 ;  in  Kingston  and  Perth 
districts,  134,  167  ;  Boyd-Smith  mines,  167,  168  ;  Foxton  mine,  168,  171 ;  Otty  lake  district,  168, 
175;  Superphosphate  works  at  Smith's  Falls,  169,  179;  Acid  phosphate,  169,  179;  Cost  of  the 
fertiliser  and  ita  raw  material,  169  ;  Mining  in  Storrington,  170^  173 ;  Markets,  170,  171,  172, 173, 
176,  178  ;  Belts  of  the  phosphate  bearing  formation,  170 ;  Working  mines  in  Frontenac,  170 ; 
Occurrences,  170,  173,  174,  437  ;   Cost  of  production,  170 ;    Colors,  171, 172  ;    Raw  phosphate,  171, 

179  ;  in  Sydenham  district,  171 ;  Phosphate  company  organised,  171 ;  Labor  and  wages,  172, 
173,  176,  178 ;  Extent  of  the  phosphate  area,  172,  176 ;  Blessington  mines,  172 ;  Prices, 
172,  178 ;  Workinf^  a  deep  mine,  173  ;  in  Haliburton,  173,  238  ;  Monmouth,  173  ;  Burgesa  (ace) 
168  ;  Oldest  mine  in  Canada,  174  ;  Crystal  apatite  in  Bedford,  174 ;  Ottawa  district  phosphate, 
174  ;  Color  and  quality,  174  ;  Deep  mining  and  proving,  176  ;  Narrow  veins  not  profitable,  175 ; 
Anglo-Canadian  Phosphate  company,  176 ;  Irregularity  of  the  depoeita,  176  ;  Day  work  and  piece* 
work,  176 ;  American  market  for,  176 ;  Bob's  lake  mines,  174, 176,  176,  177 ;  Auriferous  quartz,. 
177  :  Economy  in  working  the  mines,  177  :  Impressions  oc  Ontario  mines,  177  ;  Exports  ot  phos- 
phate,  177 ;  Occurrence  of  apatite  in  Quebec,  177 ;  Freight  and  other  charges,  178 ;  Workings 
at  the  Quebec  mines,  179  ;  Increasing  demand  for  fertilisers,  179  ;  Superphosphate  aa  a  fertiliser, 

180  ;  K&vf  materials,  180  ;  Importance  of  the  phosphate  industry,  180  ;  Trade,  180 ;  Statiatica  of, 
72,  209,  210,  211,  21.3,  243,  245,  525;  Ontario  and  Quebec  districts^  436;  Associated  rocks  of, 
437  :  Occurrence  of  apatite  in  veins,  deposit  and  massen,  438 ;  Vein  in  Turner's  island,  4S9  ; 
Handed  structure  of  veins,  439  ;  Character  of  veins  in  North  Burgess,  440 ;  Contents  of  phosphate 
bearing  veins,  440  ;  Occurrences  in  irregular  masses,  441  ;  Pockets,  441  ;  Physical  character  of 
Canadian  apatite,  442 ;  Minerals  of  the  apatite  districts,  4i2  ;  Markets  for  Canadian  afmtite,  424  ; 
Origin  of  Lauretian  phosphates,  13,  443. 

Pic  river,  gold,  29,  115;  iron,  145. 
Pickerel  river,  iron,  23. 
Pig  iron,  245.     See  Iron. 
Pigeon  point,  silver  bearing  rocks,  33. 
Pigeon  river,  silver  bearing  rocks,  66  ;  iron,  144. 
Pine  lake,  Glamorgan,  iron  location,  132. 
Pine  lake,  Manitoulin  ialand,  petroleum,  156. 
Pine  Portage  gold  location,  26,  64,  114,  116,  118,  119. 
Pixley,  phosphate  property,  178. 

Platinum,  30,  181  ;  in  Denison  township,  Algoma,  113,  181 ;  Sperrylite,  a  platinum  compound,  181 ;  Stat- 
istics of,  243,  525 ;  Qualities  of  the  metal,  457. 
Piatt's  salt  well,  190. 

Playfair  iron  mine,  137,  140 ;  Working  the  mine,  138  ;  (Quality  of  the  ore,  139 ;  Sections  of  mine,  139. 
PlayfairvUle,  iron,  52,  138. 
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Plumb«K»,  US,  191,205:  inBediord,62,8l,134:  id  Blmsley,  ISl;  kt  Oliver'*  fern,  181  ;  in  Btthnnt,  181 ; 

SutiNtici  of,  209,  211. 
Foplu  river,  gold,  115. 
Porcapina  mine,  63,  199,  203. 
Porphyry  point,  37. 
Fort  Arthur,  minerals,  60,  64,  llS;  Iron,  144,  208:   ailvar,  72,  191,  192,  197,  203,  208,  207;  Nkturftl  gw, 

153 ;  Zinc,  204  ;  Building  stones,  74  ;  Location  of,  for  mining  ■ohool,  426,  427. 
PoTtColbome,  natuialfas,  151,  152. 
Port  E!m,  aalt  boring,  65. 
Port  Franks,  gait,  55,  1S6.  190. 
Portland,  iron.  135, 
Portunl,  mining  laws  of,  298. 
Post  Tertiary  Bjrstem,  48. 
PoUdam  formation,  39  ;  Sandstone,  SO. 

Practical  Science,  school  of,  419  :  Prewnt  needs  of  in  Ontario,  4X. 
Prenhite,  4*2. 

Prince,  sold  and  silver  in,  60, 
Prince^  Wy  location,  25,  98. 
Producera'  oil  refining  company.  164, 
Producers'  tanking  company.' 166. 
PruipectoTV  advice  to,  463.    See  Mining  Laws, 
Pruuia,  schools  of  mines  and  mining  in,  513. 
Puebhi  smelting  worka,  427. 
Puney  iron  mine,  130,  132. 

PyrJtM,  .56, 141 ;  Statii^tics  of,  209,  210,  211,  243,  525, 
^roKsne,  442. 
Pyrthotite,  occurring  almutt  pure,  23. 

Quartiites.  Huronian,  30  ;  Felspar  in,  20. 

QuBbee.  apatite, in,  178,  179  i  Mming  laws  and  regulations  of,  269. 

Uueboc  and  Lake  Sii^rior  mining  association,  60. 

Quebec  land  and  mining  company^*  copper  mine,  97  ;  Plan  of  mine,  102. 

Quinte  rapids,  iron,  23,  142. 

Railways  needed.   See  Commi 

Rabbit  Monntam  silver  mine,  -_.-., —  -  . 

Rainy  lake,  gold,  Hilver  and  iron,  64,  65,  144, 

Rainy  River  country,  C5. 

Ramsay,  bog  ore,  137  ;  Lead  mine,  41,  145,  116,  43.'), 

Rat  Portage,  formation.  47 ;  liold,  66,  240,  4«1. 

Red  lake,  iron,  22. 

Regulations.    3ee  Mining  Lavs  and  Regulations. 

Renfrew  marble  quBiry,  76.  82,  84  i  Iron,  2(» :  Phosphate.  436,  439,  440. 

Richardson  gold  mine,  27.  106,  110,  111. 

Richardson-hill  gold  location,  2U,  HI. 

Ridgeway,  comifarous  limestone  at,  55. 

Rio  Tinto  copper  mines,  371, 

Rolling  mills.  3.U. 

Roofing  materiali,  79,  87.     See  Actinolitu. 

Royal  School  of  Mines,  492. 

Robiea.  205, 

Ruby  lake,  iron,  144. 

Buuel  cop[)«r  location,  433. 

»t.  Clair  river,  salt,  55. 

SI.  Clair,  Mich.,  salt,  186. 

St.  George  lake,  phosphate,  172. 

St.  Ignace  mine,  36,  37,  67. 

fit.  Joaepb's  island,  gold,  114  ;  Limestone,  84. 

St.  Jonph  lake,  iron  ore  at,  22. 

St.  Mary  nver,  marble,  76,  S3. 

Salt,  geological  formation  [Onondaga,^  45, 182,  210  ;  Boringft  at  various  points,  45,  64,  U,  160  ;  Advantase* 

of  manufacture  on  3t.  Clair   river,  65;   An  nnlin-'*--- •  ■-  "• ■ —    ""  ■    "--    — - 

181,  189,  210;  Processes  of  produc  ' 
eliminate  trypsum  from  the  brine.  1< 
ating  pans,  183 ;    Lofrs  of    borings,  .cr« ;    iuri«.ri 

SooU'sweU,  184:  International  well,  184;  Wingli  ,      .,     .    ,  .    ^._.      __^___,__.. 

(Rogera')  well,  185,  188 ;  Clinton  [Ranaford)  well,  186,  189 ;  Seaforth  (Coleman)  well,  186 :  Gray, 
Young  k  Spariing's  well,  (Seaforth)  185;  Mitchell  well.  186;  Goderlch  {.VcGwanl  waU,  18G: 
Attrili's  wall,  185;  Port  Franks.  186,  190;  Bothwell.  186;  Parkhill,  18ti ;  Courtriglit,  186,  191; 
Petrolia,  186:  Comber.  186;  Fnniskillen,  186  ;  St,  Clair  and  Marine  City,  Michigan.  B7;  English 
and  American  competition.  1X7,  188.  237  ;  Cost  of  production,  187,  188  ;  Kitent  of  the  sate  depodt, 
186;  Land  salt,  IBM,  190:  MarkeCa,  1S8,  189;  Labor  and  wages,  188,  191  :  Annual  production,  188; 
Depth  and  thickneaa  of  the  salt  beds,  189  ;  Borinff  into  the  second  bed,  1B9;  Competition  and 
protection,  190.  191 ;  Salt  Association.  19!  ;  Quality  of  Canadian  salt,  191 ;  Petroleum  tar  for  fneL 
191 ;  SutisticB  of,  72,  209.  24S,  245,  525 ;  Production,  72, 190,  217.  218 ;  Ontario  and  Michigan, 
228 :  Effect  of  the  duty  on,  21l>,  231,  236  ;  Lai^r  market  wanted,  236 ;  Tax  on  fnel,  236,  237, 
Saad  and  gnvei,  exports,  245  :  Aigoma  sand,  51. 
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Sandpomt,  iron,  13d. 

S«iMlttoiiea,31.  215,  217,  228,233;  PotMUm  formation,  39,  40, 80 ;  Red  (see  Devonian  lyrtem),  46 ;  Oria- 
kany  formation,  46 ;  Old  and  New  Red,  46 ;  in  Ue  Superior  region,  40 ;  for  mill-atonca,  46 ;  at 
Xipigon  bav,  62 ;  Brown  and  gray,  73 ;  Verte  island,  74,  235 ;  Little  Canent,  74 ;  Grange  iabnd* 
79,a55. 

Sapphires,  206. 

Saogeen  day,  4,  5L 

Saugeen  river,  gypsum,  45. 

Sarnia,  petroleum,  157. 

Sault  Ste.  Marie  region,  sUver  and  gold,  59,  60 ;  Gold,  106 ;  Iron,  123,  205 ;  SUver  and  lead,  203 ;  Marble, 
205;  Copper,  23,  205. 

Scapolite,  442. 

Schneider  &  Co.'s  xiork^  at  Le  Creuzot,  501. 

School  of  Mine^  Provincial,  423,  424,  425,  426,  427,  428.  429. 

School  of  Practical  Science,  419. 

Soootamatta  marble-band,  75,  SI. 

Scythe  stones,  43. 

Seaforth  salt.  45,  51,  55.  185,  187. 

Sebastapol,  phosphate,  170. 

Seine  river,  gold,  64  ;  Iron,  22. 

Serpentine,  §2,  83.  M.  205. 

Seymour  iron  mine,  133,  323,  389. 

Sewer  pipe,  72.  86,  235. 

Sewer  aiul  drain  pipe  company,  Hamilton,  72. 

Sexsmith  iron  mine,  133. 

Shale  oH  42. 

Sharbot  lake,  phosphate,  170,  178.  481. 

Shebandowan  (fold  count rv,  115,  241. 

Sheffield  Scientific  School,'  Yale  College,  504. 

Sherbror^ke,  gold,  112 ;  Iron,  135,  137,  138. 

Shoal  Uke,  gold,  118.  ^ 

Shuniah  or  Diincan  mine,  33,  34,  67,  195,  197,  198. 

Silica^444 

Silurian  system,  40 ;  F<>sails  in,  422. 

Silver,  rocks  bearing,  2»,  33,  66,  191,  205,  425,  444,  445 ;  Variations  in  veins,  33 ;  Forms  of,  33 :  Courses  of 
veins,  33,  192 ;  3A  mine,  28,  35,  195 :  Heron  bay  veins,  29 :  Thunder  Bay  mine,  34  :  Silver  Harbor 
or  Beck  mine.  34  ;  Discovery  of  Sih'er  Islet  mine,  3t :  Shuniah  or  Duncan  mine,  34,  67, 195,  197, 
198 :  Discovery  of  Rabbit  Mountain  and  Silver  Mountain  veins,  35 ;  Other  mines,  35 ;  Lake  Tema- 

5 mi  r^on,  56  :  Lacloche  mountains,  60  ;  Sault  Ste.  Marie  district,  60 ;  Bonner  location,  61 ; 
cKellar  island,  62, 195 ;  Thunder  Bay  district,  62 :  Lake-of- the- Woods  region,  64 ;  True  fissure 
veins,  67:  Animikie  formation,  191;  Vein  matter,  192;  Beaver  mine,  35,  67, 193.  198, 199;  Badger 
mine,  35.  63, 193, 198, 199,  200 :  Silver  Mountain  mine,  3M93,  19^  199 :  Eariy  discoveries  of  silver 
on  lake  Superior,  194  :  Reported  discovery  in  1824,  IM  :  Unsuccessful  silver  mines,  196 ;  Successes 
and  failures  in  working  Silver  Islet  mine,  192,  195,  197 ;  Effect  of  high  duties  on  minitiy 
machinery,  196  ;  American  capital  invested,  196 ;  Policy  of  the  Silver  Islet  company  in  developing 
locations,  197  ;  Necessity  of  economic  mining,  197 :  Kabbit  Mountain  vein,  33,  3i5,  63,  1^  199 ; 
Machinery  for  mines  and  works,  199,  200,  201.  232  :  Labor  and  wages,  200,  201,  202  ;  Cost  of  fuel, 
200 ;  Carriboo  location,  200 ;  Crown  Point,  201 ;  East  Silver  Mountain,  201 :  West  Silver  Moon- 
tain,  202;  Character  of  Colorado  veins,  202;  Silver  on  Little  Pic  river,  202;  Silver  Hill  and 
Silver  Falls  locations,  202 ;  Edward's  Island  locatioii,  202 ;  Locations  in  unsure  eyed  teiritocy,  203 ; 
Systems  of  veins,  203 :  Silver  Creek  location,  199.  203 ;  Sault  Ste.  Marie  district,  208 :  Tbeasalon 
river  district.  203 ;  in  Drury,  203  ;  Garden  River  location.  208 ;  Shows  of  in  Sudbury  region,  203 ; 
in  lake  Nipissing,  201 ;  Port  Arthur  silver  range,  205,  207 :  Region  of  great  promise,  208 ; 
Statistics  of,  209.  210,  211,  213,  217,  218,  243,  245,  5» :  Elgin  mine,  445 :  Characteristic*  of  the 
metal.  452  ;  Test  for  sUver.  453. 

Silver  Creek  mine,  63,  199,  203 ;  Galena.  208. 

Silver  Falls  location.  202. 

Silver  Fox  mine,  199. 

Silver  Glance  location,  106,  202. 

SUvrn  Harbor  or  Beck  mine,  33,  34.  198. 

Silver  HiU.  202,  203. 

SUver  Islet,  discovery  of  mine,  34  ;  Value  of  product,  63 ;  Silver,  33, 35,  62,  63,  67,  ^  95, 192, 1^  196, 197. 
198.  202.  203.  238  :  Natural  gas  at,  153. 

Silver  Islet  Mining  company,  98. 

Silver  MounUin  mine,  35.  62.  193,  197,  198,  202,  24a    See  East  and  West  s.  m. 

Silver  Mountain  Mining  company,  201. 

Simpson '4  location,  36,  37.  67. 

Slate,  for  rootinsr,  31,  56,  79.  87 ;  Statistics  of,  210  243,  245. 

Slate  island,  iron,  23. 

Smelting  of  ores  of  economic  minerals,  319;  Record  of  failures,  319;  Iron  smelting,  319;  Fnmaoe  in 
Leeds  county,  319;  Manufacture  of  iron  from  bog  ore,  320;  Marmora  fumaca^  321,  SSI; 
Van  Norman's  >entures,  321,  326,  327  ;  Marmora  Iron  Works  company,  202 ;  An  experimental 
run.  322 :  Cost  of  production,  323,  324,  330,  341,  393,  3M,  395 ;  Madoc  fumaca,  323,  331,  389 ; 
f'*xperiences  with  furnace  material,  flux  and  fuel,  323;  Results  with  wood  fuel,  324;  Hough- 
ton famacr,  325;  Haliburton  enterprise,  326;  Le«ons  of  failures,  387;  Future  for  pig  iron 
in  Ontario,  327  ;  Outside  sources  of  supplies,  327 ;  Free  commerce  essential  to  economic  : 
ture.  327 :  Canada's  yearly  consumption  of  iron  and  iron  products,  327 ;  Outlook  for 
pig  iron,  328,  398,  304,  396 ;   Charcoal  iron  and  its  uaes,  328,  331 ;   Car  wheels  and  maJlr 
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ings,  328 ;  Statement  of  pig  iroa  upon  which  the  Dominion  Government  has  paid  a  bonus  for 
six  fiscal  years,  328 ;  Consumption  of  charcoal  iron,  329,  468  ;  Opinions  of  founiirynien  ou  the 
value  of  coarcoal  iron  for  castings.  330,  400,  401,  402;  Cost  of  production  a  business  secret,  330  ; 
Estimate  for  the  Kinmount  furnace,  331 ;  Estimates  for  a  projected  furnace  in  Lanark  cuunty, 
333  ;  Capital  for  land,  plant,  etc.,  333  ;  Estimates  for  a  furnace  at  the  Belmont  mine,  334,  394  ; 
Estimates  made  by  practical  men,  334,  388,  389 ;  Michigan  furnace  man's  estimate,  33t>,  32)5; 
Jackson  Iron  company's  furnace,  336 ;  Estimate  for  iron  ore  of  the  Kingston  district,  330  ; 
A  Cleveland  metallurgist's  estimate,  337 ;  Detroit  fumacen^an*s  data,  338 ;  Record  of  Iron 
Mountain  furnace,  Wisconsin,  338  ;  Record  of  six  Michigan  furnaces,  339  ;  Recoid  of  Detroit  and 
St.  Ignace  furnaces,  339 ;  Riecord  of  the  Spring  lake  furnace,  Michigan,  339 ;  Record  of  the 
Uinkle  furnace,  Wisconsin,  340 ;  Record  of  the  Mancelona  furnace,  Michigan,  340 ;  Record  of 
the  Tecumseh  furnace,  Alabama,  340 ;  Conditions  governing  the  cost  of  ore  and  fuel,  340  ; 
Charcoal  at  Deseronto,  341  ;  Possibilities  of  production  of  charcoal  iron  in  Ontario,  342,  393  ; 
Production  in  the  United  States  and  Sweden,  342,  468,  470 ;  Britain's  production,  469  ;  The  world *» 
production,  470 ;  An  American  authority's  opinion,  342 ;  Ontario  ore  exported  to  the  Unitini 
States,  343  ;  The  Canadian  Government's  bonus,  343  ;  Irun  smelting  with  mineral  fuel,  343  ;  An 
estimate  of  cost  of  production,  344  :  Can  pig  iron  be  produced  in  Canada  to  compete  with  foreign 
metal  ?  314  ;  Charcoal  iron,  344  ;  Treatment  of  magnetic  ores,  345  ;  Unsuccessful  roa<«ting,  345  ; 
An  improved  process,  346 ;  Magnetic  teratment,  346  ;  Sterry  Hunt's  use  of  the  magnet  with  hand 
specimens  of  impure  magnetic  ores,  346  ;  Buchanan's  magnetic  separator^  346  ;  Conkling  magnetic 
concentrator,  347  ;  Edison's  magnetic  iron  ore  purifier,  348 ;  BalJ,  Alorton  &  Porter  ma|petic 
separator,  349 ;  Wenstrom  magnetic  separator,  349 ;  Comparative  reaultp,  350 ;  Possibilities  of 
electric  treatment,  351 ;  Karly  use  of,  491 ;  Economic  transportation,  351 ;  Use  of  wire-rope  tram- 
ways for  moving  ores,  351  ;  Blei chert  double-rope  system,  351 ;  Cost  of  operating  the  tramway,  352 ; 
Lines  in  the  United  Statey,  353  ;  Rolling  mills,  .steel  works  and  manufactures,  353  ;  New  processes 
being  tested,  353  ;  Service  of  invention  to  the  metallurgy  of  iron,  354  :  Primitive  iron  making  as 
witnessed  by  Mungo  Park  and  Captain  Grant  in  Africa,  355 ;  Catalan  forge,  355 ;  Manu- 
facture of  cast  iron,  35(» ;  Smelting  ore  with  charcoal  fuel,  356 ;  Dud  Dudley's  experiments  with 
mineral  [fuel,  357  ;  British  iron  trade  in  the  eighteenth  century,  357 ;  Success  attained  with 
mineral  coal  as  furnace  fuel,  357  ;  Results  of  Darby's  invention,  358 ;  Invention  of  cylindrical 
f'  bellows,  358 ;    Steam  engine,  359  ;    Puddling  process,  359 ;    Henry  Cort's  invention,  359  ;  Cus- 

toms duties  on  bar  iron,  360  ;  Hot  blast  invention,  361 ;  Economic  comparisons,  361 ;  Con- 
verting iron  into  steel  by  old  and  new  processes,  362 ;  Huntsman's  process,  362 ;  Heath's 
Srocess,  363  ;  Bessemer's  invention,  363  ;  Phosphorous  difficulty,  364  ;  Labor  saving  machinery  for 
»essemer  converters,  365 ;  Edgar  Thomson  works,  365 ;  Growth  of  the  steel  trade  and  the 
fall  of  prices',  366  ;  Future  of  the  iron  industry,  367  ;  Progress  by  the  aid  of  invention,  367  ;  Can- 
ada's requirements  and  the  necessity  of  beginning  right,  367  ;  The  world's  requirements  as  con- 
templated by  Percy  and  Jeans,  368  ;  Past,  present  and  future,  369  ;  Copper  and  nickel  smelting, 
370 ;  Importance  of  the  industry,  371 ;  Copper  production  of  the  world,  371 ;  Production  of 
copper  in  northern  Michigan,  371 ;  Famous  Spanish  mines  of  copper,  371 ;  Ancient  mines  which 
pay  large  dividends,  372  ;  New  Caledonia  mines  and  their  effect  on  prices,  373  ;  Alloys  of  nickel ^ 
373 ;  Processes  of  smelting  ores,  374  ;  Welsh  and  German  systems,  374 ;  Treatment  of  sulphide 
ores,  375 ;  Roasting  and  calcining,  375 ;  Reverbatory  calciners,  375 ;  Manufacture  of  sul- 
pluric  acid,  375 ;  Reverberatory  and  blast  furnaces  compared,  375 ;  Water- jacketed  blast  furnace,. 
376  ;  Water-cooled  furnace  and  how  constructed,  376 ;  Herreshotf  furnace,  377  ;  Well  or  fore- 
hearth,  377  ;  Bruce  Mines  smelting  works,  378 ;  Sudbury  smelting  works,  378,  404,  405,  430 ; 
Description  of  the  furnace,  379 ;  Composition  of  the  matte,  380 ;  Alloys  of  nickel  and  steel, 
381 ;  Antiquity  of  copper  and  tin  alloys,  381 ;  Nickel  a  modern  metal,  381 ;  Progress  in  the 
treatment  of  the  metal  and  new  uses  found  for  it,  382 ;  Discoveries  of  Hall  and  Marbeau, 
382  ;  Early  experiments  with  allocs  of  nickel,  iron  and  steel,  382  j  Riley's  experiments  at  the 
Glasgow  steel  works,  383  ;  Mechanical  tests  of  the  alloys,  384  :  Peculiar  effects  of  nickel  on  steel, 
384 ;  Torsion  tests,  385  ;  Other  qualities  of  nickel  steel,  385 ;  Hall's  experiments,  386  ;  Considera- 
tion of  cost  as  a  bar  to  use,  387  ;  Possibilities  for  Ontario,  388  ;  Elstimate  oi  Haws  k.  Hartman  of 
Philadelphia,  388;  Skilled  labor  of  first  consequence,  389;  Water-gas  and  charcoal  as  fuel  for 
smelting  iron  ores,  390  ;  Utilising  water  power  for  treatment  of  ores,  390 ;  Cost  of  producing  coke 
iron,  391,  397 ;  Charcoal  from  mill  refuse,  391 ;  Smelting  furnaces  would  promote  mining  opera- 
tions, 392  ;  Close  grained  ores  containing  sulphur  require  crushing,  392  ;  Cost  of  smelting  plant, 
292 :  Cost  of  producing  pig  iron,  392  ;  Protection  and  bonus,  3^1,  393 ;  Cost  of  charcoal  for 
smelting  ore,  393 ;  Home  market  for  charcoal  iron,  394  ;  United  States  market  necessary  for 
the  industry  in  Canada,  394  ;  Unsuccessful  attempt  to  set  up  an  iron  furnace  in  Snowdon,  394 ; 
The  Parry  &  Mills  undertaking,  326,  331,  394,  395 ;  Hull  fwrnace,  396 ;  Canadian  iron  trade, 
396 ;  Lead  smelting,  396 ;  Canadian  consumption  of  iron,  397  ;  Balance  of  trade,  397 ;  Classi- 
fication of  iron  and  steel  imports,  398 ;  Situation  of  the  Pictou  iron  mines  in  Nova  Scotia  ; 
398 ;  Importance  of  the  iron  industry  to  s  icceed  the  lumber  industry,  399  ;  Union  Iron  Company 
of  Detroit,  399 ;  Canadian  ores,  400 ;  Cost  of  English  and  Scotch  pig  iron,  400 ;  Prices  of  iron, 
471 ;  Three  Rivers  iron,  400 ;  Londonderry  pig  iron  not  suitable  for  stove  plates,  401 ;  Charcoal 
iron  would  strentrthen  and  improve  castings,  401,  402 ;  Manufacture  of  steel;  402  ;  Chea^  fuel  for 
roasting  and  smelting  ores,'402  ;  Failure  of  copper  smelting  works  at  Bruce  Mines,  403 ;  Extraction 
of  ore  bv  the  salt  process,  403  ;  Copper  smelting  on  the  North  Shore,  403  ;  Economic  sorting  of  ores 
for  local  smelting,  404  ;  Smelting  at  the  Wellington  mines,  404  ;  Calcining  copper  ore  in  heaps  to 
eliminate  sulphur,  404 ;  Smelting  works  justified  by  the  prospect,  400,  4Cb  ;  Cost  of  mining  and 
smelting  copper  and  nickel,  405 ;  Treatment  of  arsenical  gold  ore,  4(^5  ;  Puebla  smelting  works, 
427  :  Preparation  of  ores  for  the  furnace,  475  ;  Requirements  of  a  roasting  kiln,  478  :  Preparation 
of  flux,  479  ;  Superior  quality  of  charcoal  iron,  479 ;  Retort  and  pit  charcoal,  480  ;  By-products  of 
charcoal  furnaces,  481  ;  Properties  of  charcoal  fuel,  482 ;  Wood  refuse  utilised  in  iron  workf>,  483  ; 
Value  of  water  power,  485 ;  Husgafvel  blast  furnace,  486  ;  Henderson  steel  converter,  488. 
Smith,  Boyd,  phosphate  mines.  See  Boyd  Smith. 
SmiibB*  FaXlBf  superphosphate  of  lime,  169;  179 ;  Malleable  iron  works,  329. 
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Smith  Sc  Lacey  mica  mine,  148, 171. 

Snider  township,  ores,  24,  105,  106,  112,  426,  433,  434. 

Snowdon,  marble,  83  ;  Iron  mine,  ISO,  131,  132,  234,  386 ;  BUitt  Furnace  estimatef ,  334,  394. 

Soapstone,  205,  243. 

South  Australia  mining  laws,  294,  305. 

South  Carolina  mining  laws,  283. 

Southampton,  salt  bonngs  at,  55. 

Spain,  minino:  laws  of,  299 ;  Copper  mines,  371. 

Spanish  river,  copper,  23  ;  6l^old,  27. 

Sperrylite,  181. 

Sphalerite,  442. 

Standard  Fertiliser  and  Chemical  company,  169,  179. 

Station  iron  mine,  133. 

Statistics,  mining  72,  413,  423,  424,  425,  429,  46S,  524, 525.    See  Commercial  Conditions  and  Smelting. 

Steel,  212,  224,  243,  246,  254,  353,  362,  381.     See  Iron  and  Smelting. 

Stobie  iron  mine,  68. 

Stobie  copper  mine,  24,  68,  89, 103,  378,  433. 

Stone,  243.     See  Building  Stones,  Marble,  etc. 

Straight  lake,  cop(  er,  106  ;  Argentiferous  galena,  29. 

Stomngton,  phosphate,  170,  172,  173,  176,  441. 

Strange,  silver  locations  in,  202. 

Sturgeon  river,  iron,  22. 

Sudbury  region,  23,  68,  206,  208,  433 ;  Galena,  29,  203 ;  Gold,  26,  59 ;  Copper,  nickel  and  iron,  69,  66,  67, 

6S,  88,  98,  103,  104,  143,  206 ;  Composition  of  ores,  105 ;  Sulphur,  180 ;  Copper,  23,  24,  88,  103 ; 

Composition  of  ores,  106  ;  Silver,  203  ;  Smelting  werks,  378,  404,  405. 
Suggestions  to  prospectors,  450 ;  to  explorers,  466. 
Sulphur,  in  Sudbuiy,  180. 
Sulphuric  acid,  161,  180,  243,  375. 
Sultana  island  gold  location,  26,  64,  109,  118,  446. 
Superi(tr  lake.     See  lake  Superior. 
Superphosphate  of  lime,  169,  176,  179,  180. 
Survey  of  the  Province,   65,  408,   420,  424,   428 ;  of  iron  locations  west  of  Port  Arthur,  144  ;   Mining, 

tiurveying  and  engineering,  425. 
Sydenham,  mica,  150 ;  Phosphate,  168,  171,  176,  177. 
Sweden,  mining'  Uws  of,  209  ;  Charcoal  iron  manufacture  in,  342,  393  ;  Mining  school  of,  512. 

Tache  gold  location,  26. 

Talc,  442, 

Tamarac  mine,  36.  i 

Tamworth,  hematite,  130,  133. 

Technical  instruction,  415,  491,  523  ;  Influence  of,  506. 

Tellurium,  30,  62. 

Temagami  lake,  15,  20,  23  ;  Gold,  26  ;  a  country  full  of  minerals,  56  ;  From  North  Bay  to  Lake  Temagami, 

.')7  ;  Micaceous  iron,  151. 
TemiKcaming  lake,  18,  20,  56  ;  Limestone,  44  ;  Silver  and  fralena,  67 ;  Iron,  142. 
Terra  Cotta,  77,  78 ;  Porous,  84  ;  Uses  of,  85  ;  Market,  86. 
Tharsis  cop{»er  mines,  372. 
Thessalon  river,  gold- veins,  66  ;  silver,  203. 
Thorold,  cement,  55,  77. 

Three  (3i  A  nilver  mine,  28,  36,  36.  195,  198,  202. 
Three  Kivers.  iron,  400. 

Thunder  lUy,  r,2,  241 ;  Zincblende,  30 ;  Silver  mine,  33,  34,  36,  196  ;  Building  stone,  206,  233  ;  Rocks  of,  31. 
Thunder  Bay  Mining  company,  195,  198.  • 

Thunder  cape,  silver,  ,37,  194. 
Tile,  212.  213,  229,  243. 
Timber  Berth  ''110,"  galena,  110. 
Tin,  30,  '){*,  45^. 
Tip-Top  mine.  03. 
TiUnite,  4^2. 
Tolmie's  salt  wpII,  184. 
Toronto,  tir^clay,  54  ;  Natural  gas,  152. 
Toronto  township  clay  for  ornamental  terra  cotta,  85. 
Toronto  Iron  company,  31. 

Toronto  Pressed  Brick  and  Terra  Cotta  works,  85. 
Tourmaline,  442. 
Tower  iron  mines,  124,  125,  126. 

Trap,  beds  of,  32  ;  Trappean  overflow,  37  ;  Trap  dykes,  69. 
Treadwell  pold  mine  (Alaska),  27. 

Trenton  formation,  41  ;  Underlying  the  western  peninsula,  42  ;  Building  stones,  42  ;  Gas  producing,  42. 
Tudor,  gold,  2vS,  110;  Lead,  30. 
Tiumer's  island,  phosphate,  439,  441. 

United  States  mining  laws,  277  ;  Technical  schools  in  the,  502. 
Utah  mining  laws,  ^3. 
Utica  formation,  42. 

Value  of  mineral  products,  209. 
Vankoughnet,  lead,  60. 
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Van  Norman's  furnacee,  320,  326,  827. 

Vaseline.     See  Petroleum. 

VermiUon,  copper  mine,  24.  2G,  66,  88,  89,  104,  105,  108, 112, 113,  257,  434  ;  PUtinum,  181 ;  Gold,  112,  205. 

Vermilion  Gold  company,  26,  425. 

Vermilion  iron  range,  68,  123  ;  Theoretic  folding  of  the  series  of  schists  of,  124. 

Verte  island,  sandstone,  74, 79,  236. 

Victoria  mine,  ar^ntiferous  galena,  29,  30,  147,  203 ;  Zinc,  SO. 

Victoria  county,  iron,  132,  3£^. 

Victoria  marble  quarry,  Madoc,  80. 

Victoria  mining  laws,  291 ;  School  of  Mines,  521. 

Victoria  cape,  gold  location,  26. 

Wabigoon  lake,  iron,  22,  144. 

Wages  at  copper  mines,  101,  102,  104,  406 ;    at  silver  mines,  199,  200,  201.  202 ;  at  iron  mines,  135,  400  ;  at 

mica  mines,  149 ;  in  the  oil  regions,  158,  162.  164,  165 ;  at  phosphate  mines,  172,  173,  176,  178  ;  at 

salt  works,  188,  191. 
Wahnapitse  lake,  copper,  24  ;  Gold,  27,  112,  434,  435 ;  Valuable  mineral  discoveries  at,  431. 
Wallace  copper  mine,  24,  67,  91,  97. 
Wallace  iron  mine,  123, 142,  143. 
Wallbridge  iron  mine,  127, 132. 
Walkerton,  lithographic  stone,  45.  . 

Warmington  Stone  and  Marble  company,  228. 
Washington  University,  St.  Louis,  505,  512. 
Waters,  ores  in,  105 ;  Gold,  112,  433  ;  Copper,  24. 
Wellington  mine,  23,  91,  96.  100,  101,  404. 
West  Canada  Mining  company,  95,  96,  97,  238,  403. 
West  End  Silver  Mountain  mine,  35,  196,  199,  202,  240,  428. 
Western  Ontario  region,  54. 
Whitby,  natural  gas,  152. 

Whitefish  lake,  silver  region,  36,  202,  206,  207,  208,  239,  240,  241. 
Whitefish  river,  copper,  24,  97  ;  Gold,  91. 
White  Sand  river,  30. 
Whitinff,  243. 

Wigan  Mining  and  Mechanical  School,  493. 
Wilbur  iron  mine,  (see  Levant),  123,  129, 135,  136,  233,  292. 
Williams  ^old  location,  110. 
Williams  iron  location,  135,  136. 
Wilson  iron  location,  136. 
Wilsonite,  442. 

Wingham,  salt,  45,  184,  187,  188. 

Winnipejj  Consolidated  gold  mine,  23,  64,  109,  115,  116,  117,  446. 
Wisconsin  mining  laws,  283 :  University  of,  512. 
Wolf  river,  lead,  38. 
Wollaston,  iron,  127,  133, 
Wood  alcohol,  88,  481. 
Woodchuck  gold  location,  118. 
Wool  oil,  158. 

Worcester  Free  School,  Massachusetts,  505. 
Wroxeter,  salt  boring,  55. 
Wyoming  mining  laws,  284. 

Y  1  mine,  199. 

Yale  College^  Sheffield  Scientific  School,  504. 

Yorke  quarries,  74,  79. 

Zanesville  Iron  company,  133. 

Zenith  mine,  zinc,  30,  63. 

Zincblende,  10,  30,  59,  61.  62,  63,  198,  200,  203,  204,  205,  459. 

Zircon,  442. 
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